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The General Problem and Specific Objectives 
The major objective of this thesis is to investigate the character-
istics of demand for pecans at the farm level of the marketing process. 
However, there are two broad types of pecans produced in this country~ 
improved pecans and seedling or native pecans. 1 Since these nuts are 
readily intercrullngeable in many uses, at least when shelled, it seems 
reasonable to assume that the two types are close substitutes in demand, 
although not necessarily perfect substitutes. 
Moreover, pecans are only one of a group of four domestic edible 
tree nuts. The domestic tree nuts other than pecans are walnuts, almonds, 
and filberts. While the individual nuts may be best suited for specific 
uses, most of the nuts can be and are used for many of the same purposes. 
Consequently, it seems reasonable to postulate that the demands for 
domestic edible tree nuts are closely interrelated. Thus, the demand for 
pecans is jointly and simultaneously determined with the demands for other 
domestic tree nuts. Under such conditions, the obtaining of reliable 
estimates of the parameters of demand relations for pecans requires also 
an investigation of demand relationships between pecans and the other 
domestic tree .nuts. 
l Improved pecans are from seedling pecan trees that lullve been budded, 
grafted or top-worked. They are usually characterized by thin shells and 
are larger in size than seedlings. Seedling pecans are from unimproved 
pecan trees, are usually thicker shelled and of smaller size than improved 
pecans. 
1 
Most of the earlier and contemporary empirical studies of demand for 
agricultural products deal primarily with a single commodity, although 
several studies of demand interrelationships between two or three commod-
ities have been published. 2 In general, however, the method of estima-
tion used in these studies has been that of the ~ingle equation least 
squares technique, which does not take into account explicitly the 
simult~neous nature of demand for closely related goods as assumed in the 
e«::onomi«:: models. 
Based on the above 11::onsiderations, the spe«::ific objectives of this 
study are threefold: 
l. To analyze the demand relationships between the two types of 
pecans without taking into explicit account the demands for 
other domestic tree nuts. 
:2. To .1ma lyze the delll$nd interrelations hips among a 11 pecans .eind 
the other domestic tree nuts. 
3. To compare the results from alternative methods of estitn$ting 
the parameters connecting the variables in the related demand 
functions. 
Usefulness of the Study 
According to the theory of related demands, the price of a particular 
product is influenced not only by available supplies of that product but 
.eilso by supplies of related products, If the demands for edible tree nuts 
are closely related, year-to-year changes in production (or supplies) of 
2some of these studies will be mentioned later on in this C™'l:pter. 
individual nuts would bring about changes in the price of that nut and 
the price of other tree nuts. Long-term trends in production of any 
individual nut, interacting with trends in imports, exports, national 
income and consumer tastes and preferences, would influence the long-
term price level of all other tree nuts. 
3 
Many decisions at the various levels in the tree nut industry must 
be matde which require a quantitative knowledge of aemand interrelation-
ships. Production plans of growers of individual tree nuts, as well as 
the plans of processors and handlers in providing marketing facilities, 
are dependent upon expectations of future events. Quantitative estima1tes 
of past and present demand interrelationships are basic in making con= 
ditional predictions of future demand conditions. 
For example, if there is a significant substitutibility or comple-
mentarity in consumption (utilization) of tree nuts, the producer of any 
one of the individual nuts have a very real interest in governmental 
policies and programs, including tariff policies, relating to the pro-
duction and marketing of the other tree nuts. The relative importance 
of this interest would depend upon the type and degree of demand inter-
relationships prevailing among the various tree.nuts. 
Consequently, ~uantitative knowledge of demand interrelationships 
have particular importance in the formulation and administration of 
marketing order and agreement programs which have been used in the market-
ing of almonds, filberts, walnuts and, to a lesser extent, pecans. For 
example, a knowledge of the type and degree of de~nd interrelationships 
in the trae nut industry would permit the policy planner to tr~ce out the 
probable effects of a proposed program~ eriori. A control program 
4 
formulated without refer~nce to demand interrelationships may well result 
in the substitution of related products for the controlled products, 
thereby defeating th~ objectives of the program •. The long-run effects 
of control programs are especially significant, sinii::e long-r~.m interests 
may-be jeopardized while attempting to increase short-run returns. 
Moreo~er, it is believed that this study has considerable methodo-
logical interest. In only a limited number of empirical studies of 
related demands has the method of estimation been consistent with the 
~ssumptions of the economic model, 
Previous Research in the General Problem Area 
Only two empirical demand studies relating to tree nuts were noted 
in the literature. One was an unpublished study of walnut prices by 
Pennock3 and the other a study of almond prices by Lee. 4 Lee reported 
the results of statistical analyses of the season°s average returns to 
almond growers. He did not take into account explicitly the demand inter= 
relations between almonds and related products. He did, however, include 
an index of the prices of competing domestic nuts (walnuts, filberts, and 
pecans) to indicate the influence of competing products on the price-
quantity relationship for almonds. 
3Carolyn Pennock, 11Statistical Analysis of Average Farm Price of 
English Walnuts", Program Policy Division, FDA, April 19, 1932, unpublish-
ed. (as cited by Geoffrey S, Shepherd, Agricultural Price Polic;y (Ames, 
1941) , p • 139) • 
41.van M. Lee, Statistical Analysis .Q£. Annual Average Returns £2. 
Growers ,2! Almonds, ~-~ 12, 1948=49, Giannini Foundation Mimeographed 
Report No, 103, (Berkeley, February, 1950). 
5 
Several studies concerned with demand relations between agricultural 
commodities have been published. These studies employed various measures 
to indicate the type and degree of the demand relations prevailing between 
the commodities. Meinken, Rojko and King5 considered three approaches to 
the problem of measuring the substitutability of two commodities in demand 
and used an empirical example to illustrate the relation between the 
approaches, The three approaches compared are: the demand and cross 
elasticities, the relation of consumption ratios to price ratios (used 
as an approximation to the elasticity of substitution), and the estimated 
indifference surface. 6 The related products used in the empirical example 
were beef and pork consumption in Canada. 
Rudd and Schufett7 made a study of demand interrelationships among 
domestic cigarette tobaccos at the auction market level. Among the methods 
used for determining the degree and type of demand interrelationships were 
5K. W, Meinken, A. S. Rojko and G. A. King, "Measurement of Substi-
tution in Demand from Time Series Data - A Synthesis of Three Approaches ,1' 
Journal of~ Economics, Vol, 38, (August, 1956), pp, 711-735. 
~o:rrisett derived the mathematical and statistical relationships of 
these three measures but he did not apply the derivations to an empiric~l 
problem. Irving Morrisett, "Some Resent Uses of Ela$t:lcity of Substitu= 
tion = A Survey,°' Econometrica, Vol. 21, {January, 195.3), pp. 41=62. 
7Robe:rt W, Rudd and D. Milton Shuffett, Demand Interrelationships 
Among Domestic Cig~:rette Tobaccos, Bulletin 63.3, (Lexington, June, 1955). 
6 
the so-called ":rough test", the elasticity of substitution, 8 and the cross 
elasticities. In computing the cross elasticities of demand, they used 
single equation estimates stating that they felt the extra problems involved 
in using a simultaneous solution were not warranted in their problem. 
9 Hoos investigated the demand relations between pears and three other 
fresh fruits -- plums, peaches and oranges -- utilizing the "rough test", 
the 11H@telling ccmditions", and the 11 8 lutsky condition" as measures of 
10 11 the types of related demands. Schultz develops the theoretical bases 
for these three tests and uses them in investigating the demand relations 
for beef, pork, and mutton in the United States; tea, coffee, and sugar in 
Carui!da; and barley, corn, hay and oats in the United States. The demand 
equations by both Hoos and Schultz are estimated using the single equation 
technique. 
8Meinken, Rojko and King, pp. 718-719, mention that this approach to 
the analysis of demand interrelationships for agricultural commodities has 
also been used recently by several other research workers. Among others 
they cite are: Kenneth W. Meinken, The Demand~ Price Structure for 
Q!!!, Barley, and Sorghum Grains, United States Department of Agriculture 
Technical Bulletin 1080, September 1953; T. G. F. Woollam, 11'Jrhe Influence 
of Prices on the Relative Consumption of Beef and Pork, 11 Ih!. Economk 
Annalist, Canadian Department of Agriculture, Vol, 23, (April, 1953), pp. 
29°32; James N. Morgan, "Consumer Substitutes Between Butter and Margarine, 11 
Econometrica~ Vol. 19,(January, 1951), pp. 18-39; and Marion Clawson, 
1B])emand Interrela\tions for Selected Agricultural Pro'ducts, 11 Quarterly 
Journal .2£ Economics, Vol. 57,(February, 1943), pp. 265°302, 
9sidney Hoos, "An Investigation of Complementarity Rebitions Between 
Fresh Fruits.," Journal~ !!!.I! Economics, Vol. 23 (May, 1941), pp. 421-433. 
lOThe validity and significance of these methods as used by Hoos ~re 
discussed by Adolph Kozlik, a'An Investigation on Complement~rity Relations 
Between Fresh Fruits; A Reply," Journal~~ Economics, Vol. 23, (August, 
1941), pp. 654-656; and by Sidney Hoos, "An Investigation on Complementarity 
Relations Between Fresh Fruits: A Rejoinder/' Vol, 24, (May, 1942), pp. 
528-529. 
11 Henry S©hultz, Ih! Theory and Measurement .£i Demand (Chicago., 1938). 
See Chapter 18, "The Special Theory of Related Demands," pp. 569~604 and 
Chapter 19, 0'The General Theory of Related Demands," pp. 607-654. 
7 
Method of Analysis and Procedure 
In sn attempt to a@hieve the stipulated objectives the study proceeds 
in the following manner. the C?nceptual framework is developed briefly. 
the basis for this framework lies in the theoretical tenets of demand 
theory, particularly those developed in the theory of related demands. A 
factual description of the economic sector is presented. Simplified 
economic models are postulated based upon the relevant economic theory 
and a factual understanding of the tree nut industry. Variables in the 
models ~re selected and classified as to type. The identification problem 
is resolved. Methods of estimation are then considered which .are con-
sistent with the economic and statistical assumptions underlying the 
models, A sample period is selected in connection with the data available 
©hosen to reflect the variables included in the models. 
The p~rameters connecting the variables in the various postulated 
models are estimated by different methods. Estimates of the parameters 
resulting from alternative models and methods of estimation a~e compared 
and subjected to various theoretical and statistical tests. Fi~lly, the 
results are appraised and implications stated. 
CHAPTER II 
SOME DESCRIP!IVE ASPECTS OF ?HE TREE NUT ECONOMY' 
Although there are few well-specified procedures to follow in con* 
structing economic models, the formulation of meaningful models would seem 
to re~uire not only a knowledge of relevant economic theory but also 
@escriptive or factual knowledge of the economic sector under study. On 
this point, Professor Judge has made the following comment g Hu, •• 'I'he con-
stiru«;',tion of systems 0;f autonomous relations is, therefore, a matter of 
:iantuition and factul!ll knowledge; it is an art. La<i::k of knowledge is the 
prohibitive factor in the construction of economic models. 1112 
The purpose of this chapter is to provide a descriptive background 
of the current situation and historical developments in the tree nut 
se~tor of our economy. The objective is to present an empiri1Cal descrip= 
tion of the industry relating to the nature of the competitive relations 
existing among the individual nuts. The data presented will thus serve 
<13.S one sour~e for hypotheses regarding demand interrelationships and other 
cause-effect relations. In addition, the information presented in this 
l!;hapter should provide a partial basis for appraising the models used in 
this study $1.nd some of the data is used to reflect the in1Cludhed varill!.bles 
in obtaining ~usntitative estimates of parameters in the postulated models, 
12George G, Jli.)Jdge, 11An Econometric Analysis of the Demamd for Eggs/6 
(unpublished Ph.D. dissertation, Iowa State College, 1952), p. 13, 
8 
9 
Supply and Distribution 
The total domestiG supply of edible tree nuts for any given 11'1B,rketing 
ye~r is composed of domestic production, imports of domestic-type and 
nondomestic-type tree nuts, and stocks of nuts carried over from previous 
seasons, Distribution of the total supply may be divided into domestic 
teonsumption, exports and c&1rryover, Each classification may be further 
divided into its more important utilization components or by individual 
nuts whiteh are produced domestically are walnuts, pecans, almonds 
~nd filberts. The nondomestic=type nuts included in import data are bra~il 
nuts, cashews, chestnuts, pignolia, pistachio and miscellaneous tree nuts. 
These nuts are usus1lly grouped together and called ''other" nuts in the 
v~:rfolLlls statisti.rc~l compilations, Imports of domestic=type and other nuts 
acre important components of total supply, Usually, however, the volume of 
exports of domestic-type nuts is relatively unimportant. Data on carry= 
over of nuts are fragmentary and of questionable validity, 
Consumption 
Before considering production and trade data for the ind~vidW!l nuts, 
apparent per capita consumption data. 13 can be used to indicate the trend 
in tot@.l tl'ee nut consumption in this country and the chtmging relative 
importance of the individual nuts in total consumption. 
Per capita consumption of all tree nuts has been increasing since 
1930, with most of the increase occurring in the post-World W<illr II pe:riod 
13£ , h l"l.pp®rent :u1. t e sense 
imports and exports but not 
cm al shelled basis. 
that the data reflect estimates of production, 
estimates of carryovel' stocks. The data are 
TABLE I. 
PER CAPITA CONSUMPTION OF TREE NUTS (SHELLED BASIS), 
UNITED STATES, CROP YEARS; 1920-ssa 
Crop Year Almonds Filberts Pecans Walnuts Otherb Total 
Pounds 
1920 •....•• •• , .••.••.• ··0.20· 
1921 •.•.••••••••••.•••• 31 
1922•••••••••e•••••••• .29 
1923 •• ~•••••••e••••••• .30 
1924 ..•.•••••••••••.•• ,2b 
1925 .•••••••••••••• 0~· ,23 
192b •••..••..•.••.••••. 20 
1927 .••.••...••.•.••••• 24 
1928 ••••••••••••••••••• 26 
1~29 .••.•••••.••••••••.• 20 
1930 .••••••••• -•• ~ ••.••• 21 
1931 .••••••••••••••.••• 17 
1932 •.•••.••.•••••.•.•• 14 
1933 .•••••••••.•••••••• 12 
1934 ••••••••••• ~ ••••••• 11 
1935 .•••••••••••••••••• 17 
1936 •.•• ~···········~ ••• 16 
1937 •••••••••••••••••• ,19 
1938 •••••••••••••••• ; •• 14 
1939.· •••••••••••••••••• 21 
1940 ••••••••••••••••••• 12 
1941 •.••...•..•..•....• 09 
1942. • • • • • • • • •. • • • • • • • • • 22 
1943••••.••••e·••••••••• ,23 
l 94b,. "· • • . • • • • . • • • • • • • • • 36 
1945. • . • • • . • • • • • • • • . • • • 34 
1946. • • • • • • • • • • • • • • • • • • 36 
194 7 •••••••• •......... • 30 
1948 . ••. • •••• • •. . • • • . •. • 29 
1949 .• .......... • • •• •.... .27 
1950·········~········ .33 
1951· • • • • •, • • • • • •.. • · • • .29 
1952 •••.•••. ~......... .26 
1953.................. .24 
1954.................. .22 
























































































































































































aC;op year beginning July of year indicated. Civilian pet capita 
consumption beginning 1941. 
10 
bincludes the following nuts: brazil, pigndlia, pistachio, chestnuts, 
cashews, and miscellaneous tree nuts. 
Source::;; Supplement for 1956 to Consumption of Food in the United States, 
1909-52, Agricultural Handbook No. 62, USDA, AMS, (tlashington, 
p; c., September 1957), p. 30 
\ 
11 
(Table 1), In the six-year period 1930-35, average annual per capita 
consumption of all tree nuts was 1.1 pounds (Table II). Domestk~type 
nuts accounted for about 70 percent of total consumption. The seasonal 
average consumption of walnuts, pecans, almonds, and filberts in the 
period was .32, .23, .15 and .04 pounds per capita, respectively, The 
se~sonal average consumption of other tree nuts was .32 pounds per 
capita. 
TABLE II 
EDIBLE IREE NUTS: PER CAPITA CONSUMPTION AND PERCENTAGE CHANGE 
BETWEEN THE PERIODS 1930-35 AND 1949-54, (SIX-YEAR AVERAGES) 
Period Almonds Filberts Pecans Walnuts Others Total 
1930=35 
Pounds per capita . 15 .04 ,23 .32 ,32 1.06 
Percent of total 14,2 3.7 21.7 30,2 30,2 100.0 
1949-54 
Pounds per capita .27 .08 .35 .39 .52 1.61 
Percent of total 16.8 4.9 21. 6 24.2 32,5 100.0 
Percentage increase 80.0 100.0 52.2 21.9 62,5 51,9 
Source: Computed from Table I. 
Average per capita consumption of all tree nuts increased to 1.6 
pounds in the 1949-54 period, This represented an increase of 52 percent 
over the 1930=35 period. Although total consumption of domestic-type 
tree nuts incre~sed in absolute terms, the percent this :represented of all 
tree nut consumption decreased slightly to 68 percent in this period. Con-
sumption of other tree nuts increased from ,32 to ,52 pounds per capita, 
or 63 percent, 
12 
In order of relative consumption in both periods, the domestic-type 
tree nuts were walnuts, pecans, almonds, and filberts. Per capita con-
sumption of each nut increased between the periods 1930-35 and 1949-54, 
although the relative increase in the individual nuts varied considerably 
(Table II). Although the consumption of filberts shows the largest per-
centage increase, they represented only five percent of total tree nut 
consumption in the latter period. The consumption of walnuts accounted 
for·24 percent of the consumption of all tree nuts, and consumption of 
pecans and almonds accounted for 22 and 17 percent of the total, respec= 
Uvely. 
Production and International Trade 
In the 1930-35 period total imports of tree nuts were 88 percent of 
domestic production. In the 1949-54 period they were 85 percent of 
domestic production. Imports of domestic~type tree nuts, however, have 
declined substantially relative to domestic production and total imports. 
In the 1930-35 period, imports of ,domestic-type tree nuts were 33 percent 
of all tree nut imports, or about 29 percent of domestic production. By 
1949-54, however, imports of domestic-type tree nuts had decreased to 15 
perc~nt of all tree nut imports. These imports of domestic-type tree nuts 
were about 13 percent of domestic production (Table III). 
In terms of the volume of domestic production, the relative importance 
of the individual nuts stands in the same order as in consumptioni wal-
nuts, pecans, almonds and filberts. Walnut production, however, has been 
decreasing as a percentage of total domestic production. In the 1930-35 
period, walnut production was 44 percent of total tree nut production. 
'I'his percentage decreased to 38 percent in the 1949·54 period. Pecan 
13 
TABLE III 
DOMESTIC TREE NUTS: PRODUCTION AND IMPORTS, 1930-35 (6-YEAR AVERAGE); 
PRODUCTION, IMPORTS AND EXPORTS, 1949-54 (6-YEAR AVERAGE) 




Quantity tons 13,137 
Per1Centtilge of 
total produc-
tion percent 13.9 
_Impo!,ll 
Quantity tons 12,129 
As a percent-
age of pro-




Quantity tons 40,317 
Percentage of 
to~l produc-




1930-35 percent 202.7 
Imports 
Quantity tons 9,064 
As a percent-
age of pro-
duction percent 22.5 
Exports 
· Quantity tons 3,202 
As a percent-
age of pro-

































production is close to walnuts as a percentage of domestic production. 
Pecans were 41 percent of domestic production in the 1930-35 period. In 
the 1949-54 period this percentage decreased to 37 percent. Almonds and 
filberts increased in their share of domestic tree nut production. In 
the 1930-35 period almond and filbert production was 14 percent and l per-
cent, respectively, of domestic tree nut production. These figures in-
creased to 21 percent and 4 percent in the 1949-54 period. 
Almonds. The annual average production of almonds increased from 
13,317 tons in 1930-35 to 40,317 tons in 1949-54 (Table III). This was 
~n increase of 203 percent. In the earlier period imports of almonds 
were 91 percent of domestic production. However, this percentage had 
decreased to 23 percent in the 1949-54 period. Prior to 1952 almond 
exports never exceeded 2.1 percent of domestic production (Appendix !ables 
A-II and A-III). In 1952 almond exports reached 7 percent of domestic 
production and then increased substantially to 18 percent and 20 percent 
in 1953 and 1954 respectively. 
Filberts. Filbert production has increased rapidly since the 1930-
35 period. Annual average production increased from 788 tons in 1930-35 
to 7,945 tons in 1949~54, an increase of over 900 percent. In the e~rlier 
period the bulk of domestic filbert supplies was imported. Imports were 
over six and one-half times as large as domestic filbert production. The 
importance of imports relative to total supply, however, has been decreas-
ing. In 1949-54 imports of filberts averaged 85 percent of domestic pro-
duction. Exports of filberts have never reached any substantial amount. 
In 1954 exports reached a peak of 11 percent of domestic production. In 
previous years exports never exceeded 6 percent of domestic production. 
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Pe©ans. Total pecan production has been gradually increasing in a 
highly irregular yearly pattern. Pecan production increased from an 
annual average of 39,442 tons in 1930-35 to 72,272 tons in 1949-54. The 
percentage increase between these two periods was 83 percent. Since 1927 
imports of pecans have seldom exceeded one percent of domestic production. 
Imports of pecans averaged 286 tons in 1930-35. In the 1949-54 period 
imports of pee.ans had increased to an average of 478 tons, Because of 
in©reased domestic production, however, imports as a percent of produc-
tion actu~lly decreased. Exports of pecans have exceeded four percent 
of production in only one year. In 1938 pecan exports were 5.2 percent 
of prOJduc:tion. 
The total production of pecans is comprised of seedling pecans and 
improved peic&1ns, Prior to 1936 most of the domestic production of pecans 
was of the seedling type (Table A-II, Appendix A), After this period, 
improved varieties began to make up an increasing share to total pecan 
supplieso However, in only five years has improved pecan production sur= 
passed seedling production. 
Walnuts. The production of walnuts increased from an annual average 
of 42,017 tons in 1930-3.5 to 74,583 tons in 1949-54. This was sm incre~se 
of 78 percent. Imports of walnuts as a percentage of domestic production 
·hia!S loeen decreasing. In the earlier period imports were approximately 25 
percent of domestic production, In the intervening seasons between 1930~ 
.35 ~nd 1949=54, w~lnut imports seldom exceeded 9 percent of walnut pro= 
du«::tion, but in 1949=54 imports aive:raged 1.3 percent of domestic p:roduc:tiono 
Exports of walnuts reached~ peak in 1936 of 6,160 tons (Table A-III, 
Appendix A). This was 13.4 percent of production. Since then» exports of 
walnuts as a per~entage of domestic production has decreased. In the 
1949=54 period imports of walnuts averaged only 3.1 percent of domestic 
production. 
~ ~ ~. As pointed out previously, the other tree nuts 
imported into the United States are brazil nuts, cashews, chestnuts, 
pignolia and pistachio nuts. These nuts are not produced commercially 
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in the United States. In recent years imports of cashews have accounted 
for more than one-half of total imports of all tree nuts, including im-
ports of domestic=type tree nuts. In the 1930-35 period an average of 
7,152 tons of shelled cashews were imported to the United States annually 
(Table IV). :Imports of cashews increased to an average of 24,480 tons 
in the 1949=54 period, an increase of 242 percent. Unlike imports of 










IMPORTS OF BRAZIL NUTS, CASHEWS, CHESTNUTS, PIGNOLIA AND 
PISTACHIO NUTS 
Brazil Cashew Chestnuts Pignolia Pistachio 
In- In- In- In-
shell Shelled Shelled shell shell Shelled shell Shelled 
Tons Tons Tons Tons Tons Tons Tons Tons 
9,750 3,671 7,152 8,813 a 181 957 156 
7,832 2,966 24,480 _8,566 11 151 3,394 190 
al 
Prior to 1943 considered shelled. 
Source~ Jules V, Powell and Richards. Berberich, Marketing~~--
Trends ~ Prospects, United States Department of Agriculture, 
AMS, Marketing Report No. 139, (Washington, D.C., October 1956); 
pp. 28-29. 
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The m~jo:rity of the other imports, besides domestic-type imports 
consists of brazil nuts and chestnuts (Table IV), Brazils are imported 
in both shelled and in-shell form, although the majority are imported 
in=shell, Chestnuts are imported exclusively on an in-shell basis, 
Carryover 
An important component of the total domestic supply of tree nuts 
~vailable each season, in ~ddition to domestic production and imports, 
is the quantity of tree nuts carried over from previous seasons, In 
order to completely understand the supply side of the tree nut industry 
it would be desirSJ.ble to have :reliable estimates of the quamtities of 
carry=;i,n ©tt the beginning of e&ilch marketing season for elillrch year included 
in the analysis. Although these estimates are not available there are 
estim~tes of cold=storage and carry~in for certain years covered in the 
&u:ialysiso these estimates are presented in Table V to indicate the 
'®.pproximate magnitude of carry-in for those years for which d~ta l:llre 
the accur~rcy of these figures in representing the entire amount of 
f h . k 14 carry=in or earc season is not nown, 
Almonds, Filberts and Walnuts. Using estimates of cSJ.rry=in furnish= 
ed by the Department of Agriculture (Table V) the relative amounts of 
rcarry=in was computed for the 1950-54 period for almonds, filberts and 
walnuts. 15 Comparing almond carry-in of 17,000,000 pounds to 79,440,000 
pounds of ~lmonds produced in the 1950=54 period, the annual aver1.ge of 
14The l~rge California cooperatives have major cold storage for tree 
riJuts ~nd they are not im:luded in the cold storage rep,n:·ts. 
l5All figures a.re computed on an in=shell basis. 
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TABLE V 
ESTU1ATES OF CARRY-IN STOCKS 
A. Carry-in Stocks of Almonds, Filberts and Walnuts 
Year a Almonds Filberts Walnuts 
11 000 pounds 1,000 pounds 1,oou pounds 11 000 pounds 
shelled in-shell in-shell kernels 
1939 6,800 {b) 7,088 4,481 
1940 7,400 (b) .4, 154 8,467 
1941 100 (b) 2,378 l1., 104 
1942 400 {b) 5,151 9,396 
1943 100 (b) 3,576 221 
1944 200 (b) 2,176 314 
1945 (c) (b) 1,563 1,836 
1946 3,700 (b) 3,025 399 
1947 4,100 (b) 5, 6 3lf 2,892 
1948 3,000 (b) 2,611 2,727 
1949 7,600 (b) 7,294 2,992 
1950 6,600 2,080 17,394 6,260 
1951 7,900 610 7,840 1,%7 
1952 11,500 794 12,927 2,798 
1953 8,900 2,658 14,322 7,747 
1954 9,300 1.,096 10,656 lf, 164 
1955 s,100 2,031 7, 3:c8 1,729 
aFor almonds year begins July 1. For filberts and walnuts year 
begins August 1. 
bNot available. 
cLess than 50,000 pounds. 
B. Cold Storage of Edible Tree Nuts, July 1, By Kinds 
Kind 1%8 1949 1950 1951 1952 
(In thousands of pounds) 
Shelled 
Almonds 6,269 6,917 7,603 10,387 12,595 
Filberts 1,557 1,937 1,691 1, 50lf 2,191 
Walnuts 2,140 6,082 9,799 7,083 9,488 
Pecans 7,331 9,167 51 683 9,764 6,880 
Brazil nuts 1,515 1,380 1,351 441 899 
Cashews 2,283 4,308 2,518 4,060 2,495 
Other tree nuts 1,568 2,381 2, lf80 5,2otf· 3,958 
Unclassified 8,924 9,174 7,918 7,214 5,768 
Total 31,587 41,346 39,043 45,657 44,274 
In-shell 
Almonds 415 910 920 1,249 1,076 
Filberts 94 234 389 379 345 
Walnuts 1,865 10,867 19,474 8,967 15,952 
Pecans 20, 708 29,013 7,422 12,356 21,371 
Brazil nuts 195 502 460 44 187 
Cashews 13 11 6 4 10 
Other tree nuts 1,466 3,175 3,780 3,285 3,535 
Unclassified 6,300 lf, 292 4,551 2,670 9,968 
Total 31,056 49,004 37,002 28,954 52,444 
Source: Jules v. Powell, Agricultural Eeonomist, AMS, USDA, Washington, 
D, c,, in a letter to the writer, August 14 , 1958. 
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carry-in to production was 21 percent. For filberts carry-in was 10 per-
cent of production, annual average, or 1,448,000 pounds of carry-in to 
14,832,000 pounds produced. Walnut carry-in was 23,536,000 pounds. In 
comparlson to 143,880,000 pounds of walnuts produced the annual average 
of carry=in to production was 16 percent. 
Pecans. The only available data on pecan storage are from the cold 
storage reports of the Department of Agriculture. These reports are given 
for the years 1948-52 (Table V). For these years the average annual 
amount of pecans in cold storage on July l was 39,761,000 pounds. This 
compares with total production of 146,907,000 pounds, annual average, 
for the 1948-52 period. Using these figures the annual average amount 
of carry-in to production was 27 percent. 
Marketing Tree Nuts 
Methods and systems of marketing the individual domestic tree nuts 
vary from highly organized and integrated to unorganizedQ The California 
Ahnond Growers Exchange marketed approximately 70 percent of the California 
.iilmond ~rop. The rest of the crop was marketed t~rough independent packers 
and shellers. 16 The filbert crop is marketed through cooperative grower 
organizations, independent grower-packers and packers sometimes cl~ssified 
as independent or c~sh buyers. Over 80 percent of the filbert crop in 
recent years h!ils been handled by three cooperatives and four large inde=. 
·pendent packers. 'rhe remainder of· the marketing operations is divided 
among approximately fifteen firms, mostly small grower-packers. 
16the bulk of the inforlIIIBltion on marketing tree nuts is from ,Jules V. 
Powell and· R:i.charc;l S. · Berberich, Marketing 1'.!ll Nuts==Trends amd Prospects, 
~rketing Research Report NoQ 139, (Washington, D.C., October, 1956) pp. 
12= 14 Q 
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'l'he major portion of the walnut crop is marketed by the California 
Walnut Growers Association. Through their extensive processing and 
marketing fsd.lities they market 75 to 80 percent of the commercial crop. 
Independent growers, shellers, and packers handle the remainder of the 
Cslifornia crop. I.n the Pacific Northwest, more than 50 percent of the 
walnut crop is marketed through the Northwest Nut Growers Association. 
Methods used in the marketing of pecans are more varied than for 
any other domestic nut crop. They range from the grower bringing his 
own pecans to the sheller to highly integrated grower~marketing enter-
prises. As pecans are grown in widely scattered areas, especially the 
seedlings,grower cooperatives are found infrequently. 
Utilization .21 Domestic I!!!.~ 
Tree nuts are shelled or left in-shell and distributed to various 
outlets. Shelled tree nuts are used by salting trade, candy manufacturers, 
bakers, households (unsalted), ice cream manufacturers, and manufacturers 
of nut syrups and pastes. In-shell nuts are packed in straight packs or 
mixtures for direct consumption, prim2llriiy for the holiday seasons in 
November and December. 
Almonds. Only 11 percent of the total supply of almonds in the 1950-
52 period went to the in-shell market; the rest was shelled (Figure 1). 
In~shell almonds went to grocery stores in mixtures and straight pack. 
Most of the shelled almonds (64 percent, 1950-52 average) went to con'" 
fectioners while the rest of the shelled crop was divided among salters, 
13 percent; households (unsalted), 10 percent; bakers, 8 percent; ice 
cream manufacturers, 5 percent, and others less than 1 percent;('rable VI). 
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Figure 1. 
Source: Powell and Berberich, p . 13. 
ESTIMATED DISTRIBUTION OF FILBERTS, 1950-52 
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Figure 2 . 
Source: Powe 11 and Ber ber i ch, p. 13. 
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Filberts. ln=shell filberts were distributed to grocery stores, 13 
percent and 23 percent of the total supply going in straight pack and. 
mixtures, respectively (Figure?). The shell market used the greater 
percentage of the supply, 64 percent, with the salting trade using 43 
percent of the shelled crop. The rest of the sales of shelled filberts 
W$B ~istributed to bakers, and confectioners, approximately 28 percent 
go:i.ng to each, with the remaining 1 percent being distributed to house.-
holds (unsalted), ice cream manufacturers and other uses. 
Pecans. Pecans ~ve shown a different trend, more pronounced than 
for ~ny other domestic nut crop, in that the majority of nuts are 
marketed on a shelled basis. In the 1950-52 period, 75 percent of the 
pee.sin crop was distributed on a shelled basis while the rest of the pecan 
supply went to the in-shell market (Figure .3). In-shell P.ecans went for 
I 
distribution in grocery stores; 16 percent of the total supply went into 
strsiight pack and 9 percent in mixed pack. Most of the shelled pecans, 44 
percent of the total amount shelled, was purchased by bakers. Other pur-
chasers, as of the total amount shelled, were: confectioners, 20 percent; 
household use and ice cream manufacturers, 12 percent each; the salting 
trade, 1 percent; iind other uses, 5 percent. 
Walnuts" In the 1950-52 period approximately 5.3 percent o~ the wal~ 
nut supply was sold in-shell, 42 percent in straight pack and 11.percent 
in mixtures (Figure 4). Before this period the majority of the walnut crop 
was sold in-shell but the in-shell mark.et appears on the decline as the 
17 shelled ma~ket gains in importance. The majority of the shelled walnuts 
11united States Tariff Commission, Edible ~ fu!!! {Washington, 
September 1954), p. 16. 
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ESTIMATED DIS.TRIBUTION OF PECANS, 1950-52 
.• DOMESTIC PRODUCTION ( IOl.5'11 
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Source : Powell and Berberich, p. 15. 
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Figure 4. 
Source : Powell and Berberich, p. 15. 
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went to the baking trade and to households (unsalted); each accounting 
for 39 percent of the shelled crop. Confectioners used 11 percent; ice 
cream mtimufacturers, 4 percent; and the remaining 7 percent of the she.lled 
walnuts going to other uses. 
Nature .Q! Competition Among~ Nuts 
!!!-!h!.11 Mixtures. An area of direct competition among in-shell 
tree nuts is in in=shell mixtures. It would be expected that if there 
were a large supply of one tree nut relative to the other tree nuts, the 
nut in relatively l~~ge supply would comprise a larger percentage of the 
in=shell mixture. For example, mixtures usually contain 35 percent wal-
nuts, but this proportion varies and depends largely on the relat.ive 
prices of the component nuts. 
Competition fr@m in .. shell imports is greatest from in-shell braz:U 
nuts, sinir::e in-shell brazils along with walnuts are the chief constitu-
ents of in-shell mixtures. '.rhere is relatively little competiti_on from 
imports of domestic-type in-shell tree nuts with in-shell nuts grown in 
the United States. This is due to the development of (a) improved 
v.atrieties in the United States, (b) superior grading, and (c) existing 
tariff protection. 
Shelled~. Competing more directly than the other types of 
shelled tree nuts are shelled walnuts and shelled pecans. 'lt'his is due 
to the possible interchangeability in many of their uses. These.two nuts 
account for over 15 percent of the sheiled tree nuts used (ann~l average 
1950-52) in commercial baking, household cooking and in ice cream (Table 
VI). A change in the denvAnd or supply conditions for one would be expect-
ed to have repercussions on the other. 
25' 
TABLE VI 
ESTIMATED SALES -OF SHELLED TREE NUTS IN THE UNITED STATES, 
ANNUAL AVERAGE OF YEARS BEGINNING OCTOBER 1, 1950-528 · 
A, By Outlets 
Total Confec- Salting Baking Households Ice tionar::i {Unsalted} Cream Other 
(million pounds) 
Almonds 39 25 5 3 4 2 (b) 
Filberts 7 2 3. 2 (b) (b) (b) 
Pecans 41 8 3 18 5 5 2 
Walnuts 28 3 11 11 1 2 
Cashews 48 3 43 2 (b) 
Brazile 6 - 2 3 1 (b) (b) (b) 
Total 169 43 57 37 20 8 4 
(percent) 
Almonds 23 58,1.4 8, 77 8 20 25,0 (c) 
Filberts 4 4,65 5,26 5 (c) (c) (c) 
Pecans 24 18,60 5,26 49 25 62,5 50 
Walnuts 17 6,98 30 55 ·12.5 50 
Cashews 28 6,98 75,44 5 
Brazils 4 4,65 5,26 3 (c) 
Total 100 100,00 ioo.oo 100 100 100,0. .100 
B, By Kinds 
Outlet Total Almonds Filberts Pecans Walnuts Cashews Brazil& 
(percent) 
Confec• 
tionary 25 64 28,5 20 11 6 33 
Salting 34 13 43,0 7 90 50 
Baking 22 8 28.5 44 39 4 17 
Households 
(unsalted) 12 10 (c) 12 39 (c) 
Ice Cream 5 ·5 (c) 12 4 (c) 
Other. 2 (c) (c) 5 7 (c) (c) 
Total 100 100 100,0 . 100 · ·· 100 lQO 100 
a Powell and Berberich, p, 33 
b Probably less than one-half million pounds 
C . 
Less than 1 percent 
Source: U, S, Tariff COD1111ission 
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Although almonds and filberts are sold in some oft.he same outlets 
as pecans and walnuts, they do nQt compete to any great extent. Imports 
of both peicans and walnuts enter the United States. The amount of pecans 
entering is small and offers no competitive problem, although illlports of 
other tree nuts might substitute for domestically grown shelled pecans" 
As the imports of walnuts are smaller and of generally poorer quality 
than domestic walnuts, they are diverted to the confeictionery and baking 
industries where they are not in competition with the domestic crop. 
The t!Miljor portiqn.of the shelled crop of almonds (64 percent, 1950= 
52 average) goes to the confectionery trade (Ta~le VI). Shelled domestic 
almonds are to some extent subject to competition from cashews 18 and im-
,' 
ported shelled filberts. Imported shelled filberts probably do not com-
pete closely with domestic almonds, however, since almonds used in salting 
ai:re the more expensive grades. Imports of shelled almonds compete with 
the domestic crop, but imports are restricted, according to dom,estic 
supply, by tariff duties. 
The major outlet for shel.led filberts is the salting trade where they 
are in direct competition with the usually large importations of shelled 
filberts. For this reason the tariff rate is an important .factor in 
determining the price of shelled filberts. In fact, " ••• the landed duty 
p~id cost of Mediterrane.ei.n shelled filberts determines the maximum price 
..3 · nl9 which can be obtained for QJ!Omestic shelled filberts. About 43 percent 
of the shelled filberts are salted, consisting largely of imports. 
18 The majority of the tree nuts used for salting were cashews (Table 
VI), 
19 United States Tariff Commission, Edible ~ ~, (Washington, Ill .G., 
September 1954), p. 12. 
Competition with Pe$nuts. Powe 11 and Berberich 20 discuss. arid com-
pare the viarious uses and interrelated uses of peliilnuts and tree nuts. They 
believe the cc.>mpetition may, be. between tree nuts as a group and pe.amuts. 
In m.!llny instances there may be practically no competition between tree 
nuts and peanuts due to the large price differentials and differences in 
use. 
Tree nut consumption on a shelled basis is far less than peanut 
consumption. For example, in the 1950-52 period, the salting and con= 
fectionery trade used 285 million pounds of peanuts annually in compari-
son to 100 million pounds of tree nuts used in this same period. In all 
uses peanuts (excluding peanut butter) were used to the extent of 290 
mil Hon pounds compared to 169 million pounds of tree nuts. 
The salting trade in the 1950-52 period used an estimated 212 
million pounds of nuts of whfoh 73 percent were peanuts while tree nuts 
comprised the rest of the shelled nut mixtures. 
iConf@~tioners use more peanuts than all other nuts combined. In 
the 1950=52 period, out of a purchase of 168 million pounds. of shelled 
nuts annually about 75 percent were peanuts, 15 percent almonds, 5 per• 
cent peccS1.ns, with the remaining 5 percent consisting of equal quantit;l.es 
21 
of filberts, walnuts, cashews and brazil nuts. 
'J!:o a limited extent peanuts compete with tree nuts in the baking 
trade. 'Ihe baking trades use, as a percentage of the total, approximately 
12 percent peanuts in comparison to 43 percent pecans and 26 percent 
walnuts. 
20:eowell and Berberich, pp. 2~-23. The figures in. this section .aire 
taken from their report. 
21Ibid, p. 22. 
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Pe.anuts do not compete with tree nuts in ice cream manufacturing or 
in household use (unsalted). In order of relative utilization, the pre= 
dominating nuts in these uses are walnuts, pecans and almonds. 
Governmental Marketing Programs 
The marketing of the domestic supply of almonds, filberts and 
walnuts is regulated under Federal marketing agreements and order pro-
grams pursuant to the Agricultural Marketing Agreement Act of 19.37, as 
22 
amended. In addition to ~uality controls for filberts and walnuts, 
the prognLms are used for controlling the quant:1.ty of the three tree nuts 
other than pecans going into the in-shell and the shelled market. These 
controls are designed to enable growers to realize higher returns than 
would otherwise be possible. 
SupplemenU\ry to the marketing agreement and order program the 
Department of Agriieulture, pursuant to Section 32 of Public Law .320, ·. as 
amena.ei~3 has the .authority t~ support the domestic price of tree nuts 
by diversion payments, export payments or surplus removal programso 
However, the Secret~ry of Agriculture and the Direietors of the Comnodity 
Credit Corporation must approve the use of these programs in a particular 
crop disposal situation prior to their use. 
Imports of tree nuts are regulated by the U.So Tariff Commission. 
In .addition to regular import duties (Table VII), additional restrictions 
nMi!y be pl.!Lced UpOn the igj_Wlntity Of imports When i't is believed the imports 
22 · · · · 
Agricultur.$.l Marketing Agreement Act of 1937, Public Law iqo. 137, 
U.S. Statutes at Large, 75th Congress, First Session, L (June 3, 1937), 
pp. 246=249. 
23section 32 of Public Law 320, ~.~. Statutes at Large, 74th Congress 
First session, XLIX (August 24, 1935), pp. 774Q775. 
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will interfere with domestiic marketing programs or the amoun.t of product 
proicessed from domestic tree nuts. The regular duties are higher on 
imports of domestic-type tree nuts than on the other imported tree nuts. 
TABLE VII 
UNI"lL'ElDJ STATES RATES OF DUTY UNDER THE 'l'ARJl:FF ACT OF 
. 1930 FOR EDIBLE TREE NUTS, 19548 
Kind of Nuts Duty in Cents Per Pound 
Not Shelled Shelled 
Almonds 








· 1;5 •.•.. · 
10.0 
. ~.5 .o 
1.125 
<1;5·· 
aUnited St~tes Tariff Commission, Almonds (Washington, September 
1957), T~ble 1, Appendix, and Powell and Berberich, p. 9. 
b AdditioI11al fees imposed pursuant to Section 22g October l, 1954-
Septemibeir 30, 1955=-lO cents per pound on imports in excess of 5 million 
pounds, 
C Additional fees imposed pursuant to Section 22g October l., 1954-
September 30, 1955--10 cents per pound on imports in excess of 6 million 
pounds. In no case !Dilly an additional fee imposed pursuant to· Se@tion 22 
exte"eed 50 percent $d valorem (exclusive of the regular duty). 
. . . . . . . . ·. ·. . '. . ' ':. ,·· ,· .. 
Almonds. The llll&ll.rketing agreement and· order program for almonds · 
limits the domesti«: supply of .almonds by declaring a percent.Rge of th~ 
. ' ' ' . ' . . ... 
production as "surplus." The "surplus" almonds iare sold in outlets whi@h 
are noncompetitive with the :remaining llsalable0' almonds. In practice, . · 
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the "surplus" almonds have usually been exported at prices lower than 
that obtained for "salable" almonds in the domestic market. 
The IC!.Uantities of almonds diverted by marketing agreement and order 
programs were: 4.2 million pounds of the 1951 crop; 5.3 million. pounds 
of the 1952 crop; 5.9 million pounds of the 1953 crop; and 6.6 million 
pounds of the 1954 crop. Most of these almonds were exported. However, 
3.3 million pounds (shelled basis) of the 1951 "surpluset B!lmonds were 
diverted to crushing with the use of government benefit payments of 30 
cents per pound under "Serction 32, 11 and, in 1949, 2 .4 million pounds of 
shelled almonds were crushed, with benefit payments of about 30 cents per 
24 
pound. 
Filberts. !he filbert marketing order and agreement program is 
designed to allocate the "merchanta.ble1125 in-shelled filberts between 
in=shell ancl shelled outlets, The percentage of the 1'merichantable11 in-
shelled filberts diverted from the domestic in-shelled market, c/illed 
11surplu.s 11 filberts, may be exported in-shell, or shelled and sold in the 
domestic market. 
'rhe declared nsurplus" percentages of the "merchantable" in-shell 
filberts were: 25 percent for the 1949 crop year; zero for the 1950 
crop year; zero for the 1951 crop year; 34 percent for the 1952 crop 
year; $.nd zero for the 1953 crop year. Under Section 32 programs, 4.2 
million pounds of in=shell filberts were diverted to the shelled ma\rket 
. 26 
&idded by Government p~yment of about 6.5 cents per pound. 
24 
United Ststes T~riff Commission, Almonds, (Washington, D.C., 
September, 1957), Table 13, Appendix. 
25Filberts meeting minimum ~uality and si~e standard. 
26 
United States Tariff Commission, Edible Tree ~, (Washington, 
D.C., September, 1954), Table 25, Appendix. 
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W<i!llnuts, ".!Che marketing of w.eilnuts is <G«:mtrolled in a fashion similar 
to th~t for the other nuts. In addition, due to the increasingly impor-
t<SJnt shelled wsilnut TMrke.t, the Secretary of Agriculture in 1954 was 
given the ~uthorb<i!tion to decl.eire an uttover=a.11 11 surplus that cannot be 
~rketed i.n the normal in~shell or shelled outlets. 
The de~b,red uusurplus" percentages of 11merchantable11 in~shell 
walnuts was: 30 percent for the crop of 1949; 10 percent for the crop 
of 1950; 15 percent for the crop of 1951; 20 percent for the crop of 
sh~ll~d. Unde~ Section 32 programs (l) 27,5 million pounds of in~shell 
iumer«:mint~ble" walnuts and shelling stock of the 1949 t1:rop year were 
crushed with the aid of government payments of about 10 cents per pound 
~nd (~~) 3o25 mUU.on pounds, shelled equivalent, of "mer©hsintable11 wal-
nu.ts ®1nd shelling stock of the 1952 ©rop ye$r were crushed with the slicdl 
of Government payments of !filbout 32 cents per po1.ma.27 
Peic~ns. The ma.rkeU.ng of pe©ans was regulated from September 20, 
1949, to O©tobe:r 1, 1957, only in the five states of South C~roli~, 
Georgia, Florida, Al~bama., and Mississippi. The marketing ©ontrols 
~pplied to gr~des and si~es and only to those pe©ans ~hi©h were m@rketed 
in-shell outside of these five st~tes. 
Under Se©tion 32 programs the Govermnent pur©hased 3.3 million 
pou.nds of shelled pe~~ns ~t taibout j,2 cents per pound. In 1953 the 
Government pur~hHed 0.6 million pounds of shelled pec.$ns at about 66 
~ents per pound. The pecans that were purchased were distributed for 
school lunches and other eligible non-competitive outlets, 28 
32 
CHAPTER III 
?HE THEORETICAL FRAMEWORK 
The objective of this chapter is twofold: First, to present briefly 
some of the theoretiic.&l c.onsiderations underlying the economic models, 
and; second, to present some aspects of the statistical models, including 
methods of estimation consistent with the postulated economic models. 
Vsrious theoretical and statistical tests based on the theory of related 
demands ~re discussed. 
Economic Considerations 
I.b! theory g! Consumer Choice 
lt is assumed that the individual consumer possesses an utility 
function U= U(X1, ~, • •.• Xn) and desires to maximize this utility funl':l~ 
tion in buying commodities (X1, ~, ••• Xn) at the market place. He is 
faced with two restrictions. One is the price of the commodities (P1, 
P2 , ••• P ) whkh are determined on the market, and which the individual n . 
iconsumer t~kes as given. The second restriction is thslt the consumer is 
assumed to have a given money income (M), the entire amount of whi@h is 
spent on then canmodities. This may be written as 
M .. 2;P1 X .• 
i J. 
(3. l) 
sin©e in spending his entire income the consumer d.esires ·to maximize U 
or some F (U), the problem is one of determining his demands for then 
©ommodities such as to maximize U under the given restraints. 
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By making use of the Lagrange multiplier A, the restrained function 
which is to be maximized IMIY be written as 
(3.2) 
Setting the first order partial derivative equal to zero and solving, we 
find 
i = ( 1, 2, n), (3.3) 
29. 
where ui ... au/dXi = the marginal utility of Xi. · Equation (3.3) is the 
condition for consumer equilibrium; it is an equalization between the 
marginal utility of xi.and the price of xi, multiplied by I\ .3° It 
expresses the consumer's demands for commodities under the monetary re-
str8int of M = i P1 x1 and the assumption th~t prices are given to the 
i 
individual consumer. According to equation (3,3), in equilibrium A can 
be put in the form 
0 •• 
u 
n = """p 0 
n 
(3.4) 
EqUiltion (3.4) states that the consumer is in equilibrium when the 
ratio of margi~l utility to price for all goods is equal. Condition 
{3.4) can be expressed such that the marginal rate of substitution between 
~ny two commodities is equal to the corresponding price ratio (P1/Pj) or 
29J, R, Hicks, Value and Capital, (Oxford, 1946) p. 305, 
30Where A corresponds to Marshallus margi~l utility of money. 
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Equ~tions (3.1) Z Pi X. ; Mand (3.3) U. ; i\ P. ~re the necessary 
' l, i l, 
1 
ions for the maximization of U. Sufficient ~onditions are 
m 
Z U. . dX~ dXj < 0 




dU - Z U. dX. ~ O. 
J. 1 j~l 
These ~re the stability conditions ~s given by Hicks. 31 The condition 
< 0 indic~tes th~t the margii:ml rate of substitution must be diminish-
ing for substitution between ~ommodities in every direction or that the 
indifferencei curves 1SJ.I'e convex to the origin. 
It is important to note that the results obtained in the maximizing 
procedure are inv@rient for the substitution of F(U) for u. 32 We ©an 
therefore go from~ c~rdin~l utility function to a scale of ordinai.1 prefer= 
en©®s. The consumer 0 s behavior is now explained in terms of his prefer-
en©es which ~re, in turn, generated by his behavior~l responses to the 
surrounding environmental stimuli instead of the undefi~ble utility 
The theoretical effects brought about by a r,hange in the consumer 0 s 
in©ome or a ©hra\nge. in the prices confronting him h~ve been presented in 
detffiil in many public~tions analyzing demand behavior. 33 Sin©e the 
31 Q 6 Hicks, p. .,,,o • 
32R. G, D. Allen, MathelllSltical Economics, (New York, 1957), p. 660 
331he reade:!C' is refe:irred to Allen, Chapter 19, Hicks, Ch$1pter II, 
III @nd pp. 307=311; and Henry Schultz, The Theory and Measurement of 
Dei::!Milnd, (Chi~ago, 1938), Cb~pter 1, pp. 569-582, pp. 607=628, and pp. 
644=654. 
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primary concern of this study is to investigate demand interrelationships, 
we turn directly to a consideration of concepts dealing with related 
demand theory. 
Demand Interrelationships 
The market detruiind function for a particular good can be obtained by 
the summation over all demand functions of individual consumers. For 
commodity l the 11.'Milrket demand function may be written in linear form as 
(3. 7) 
where P1 represents the price of commodity l; Q1 and Q2 are the supplies 
of commodities land 2; and I is aggregate consumers 9 income. 
The coefficients of equation (3,7) define the nature of demand for 
commodity 1 and the ru!lture of the demand interrelationships. The nature 
of demand for commodity l is indicated by the magnitude and the sign of 
b11 . In general the sign would be negative, indicating the expected 
inverse relationship between the quantity taken and the price paid for a 
©ommodity. The sign of b13 is usually positive since the price of a 
commodity and the income level $re usu~lly positively related, Infrequent= 
ly there tlllmy be cases where b13 would be negative. Commodity l would then 
be referred to as an inferior good. 
DetMl.nd interr@l@tionships between commodity l ~nd 2 ~re indicated by 
the sign and magnitude of b12 . The sign indicates the type of relation 
~nd the ~gnitude indic~tes the intensity of the rel~tion. Commodities 
1 and 2 are said to be competing in demand if b12 < O, that is; an 
increase in the supply of commodity 2 would depress the price of commodity 
l, They are said to be independent in demand if b12 g OJ th$t is, @n 
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inc:rease in the supply of commodity 2 would have 1rno effact on the prke of 
commodity l. A icomple.ment&l1ry reLationship is indicated if h 12 > 0, th~t 
is, ~n increase in the supply of commodity 2 would have the effect of in@ 
cre~sing the price for commodity l. 
If the commodities were perfect substitutes for each other, on~ unit 
for unit basis, b12 would. not only be negative but it would $lso equa.l 
b11 , This would mean at 1Ch<Etnge in the supply of commodity 2 would have 
the s&ime effect on the price of commodity 1 ~s a chsmge in the supply of 
commodity 1. the consumer would be indifferent to the commodities, 
I!!& 00Hotell:itng Conditions". The market demand funl(;;tion for c<OJmmodlity 
2 ic~n be written in the same form as equation (3,7) 
(3,8) 
where r2 represents the pri1Ce of !Commodity 2 and the other va:ri~bles ~re 
~s defined previously, 
The 11Hotelling conditions" as referred to by Sichultz34 is a condi= 
tion of the r~tionality or iconsistency of consumer beh~vio~ for ~ommodities 
rel~ted in demiamd. A~~ordl.:ing to the 11Hotelling conditions" if ~oornm.odities 
land 2 are related in demand, the change in the price of 1 brought ~bout 
by /Bl change in the q[Wi.ntity of 2 should equal the ic'kw!ngie in the p:ri«;e QJf 
2 brought about by the chsmge in the quantity of 1. This aidds 1a1n <@.ddition= 
~1 restriction upon the parameters of equations (3,7) ~nd (3,8), If, for 
ex~mple, icommodities l and 2 all'.'e competing in demand, not only should b 12 
~md b21 be negaitivey but .!llccording to the 11Hotelling ccmditions 8' b 12 
should equ~l b21 .35 
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'rhenRo_~ Test". Schultz suggests the use of the "rough testu36 for 
distinguishing between commodities th~t are completing (complementary) or 
competing in demeind. The test is one of comparing the price ratios and 
consumption r~tios of the two commodities. If the two commodities are 
completing it would be expected that the ratio of the consumption of one 
to th~t of the other would fluctu~te less than their corresponding price 
rmtios. When the goods are competing it would be expected th~t the pri~e 
r@tios would flinctu~te less them their coriresponding ieonsll.llmption ratios 0 
However?) seve:r1BLl objections have been raised to the use of this test.37 
Me~suir:ements of Compe·titive Relations. Three other methods used to 
the demand ~ndl c:ross-el~stkities, (2) the rel.e1tion of consumption r~tios 
to p:ri!!;e :t'iffitfos, and (3) the indifference function Although the three 
measures are designed to measure the s~me thing (th:eit is, the competitive 
rel~tions between two ~ommodities) and they involve the same vari~bles, it 
35rhere ii1!'e two limitations to the validity of the 81Hotelling con-
ditions11 from theo:reticcal considen.tions. One is th®t it is based on the 
~ssumption th~t utility is measur$ble; the other that the m~rgin~l degree 
of the utiU,ty of money is «:;:onst.ant. Both these limit<1!tions are ovltalr= 
come by reso:rting to &11,nother test based on the theory presented by Slutsky. 
See Schult~, pp. 620=624. 
36 70 S~hult~, pp. 571=5u~• 
31see ClMilrles c. Peters snd W~lter R. V~n Voorhis, St$tisti~~l Pro= 
~edures ~ Iheir Melthematic~l Bases, (New York, 1940), pp. 78-79; 
Ko~lik, pp. 654-56; Sidney Hoos, 11An Investigation of Complement.~ry 
Relaitions Between Fresh Fruits: A Rejoiner, 11 pp. 528-529. 
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~s been shown th~t, while it is possible to go from the demand functions 
to the ratios or the indifference surface·, it is impossible to go the 
other w.aiy. 38 
the relation of consumption ratios to price ratios is used as a 
short~cut method to est:l.mste the elasticity of substitution (E ), Empiri-s 
~ally it Gan be defined as 
E s (3.9) 
for two commodities x1 and x2 and pr~ces P1 and P2 • This concept, defined 
~s an estiuted me~sure of the "ease of substitution°' of one camnodity for 
another along an indifference curve, is not a very useful concept in esti-
imitirig demand interrelations. Morrissett, in reviewing the use of this 
concept in interrelated consumer demand studies, points out that in most 
of the previous rese~rch the original assumptions underlying this concept 
lwve not been ade~u~tely recognized. He concludes his article in agreeing 
with Pigou that " ••• there is no gain in working with Es, which is a com~ 
bi~tion of price elasticities and cross-elasticities, rather than working 
with the b1.tter ebisticities directly. 1139 
Economic Models and Methods of Estill]8j\tion 
The construction of an economic model is an attempt to explain or 
describe in simplified form the underlying relationships which gener~te 
38:Meinken, R.1oijko ~nd King, pp. 711-735. 
39rrving Morrissett., "Some Recent Uses of Elasticity of Substitu-
tion--A Survey / 1 Econometrica, Vol. 21, January 1953, p. 61. 
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the jointly dependent e~on(Q)miG v1&riables observed in the seGtor of the 
eGonomy being analy~ed. Using the economic model as a base,~ method of 
estim$!ting the structur<!il.l par1&meters has to be determined. The esti~t:tng 
procedure should be consistent not only with the hypothesi~ed economiG 
model but the assumptions underlying the statistiGal teGhni~ue as well. 
On~e the estim~ting pro~edure is determined and the statistical assump-
t:i.«JJns supplied, the se.t of struG'.tu.mes can be referred to as the statis-
When it can be 1&ssumed th1&t the path of a single variable, referred 
tlQl sis dependent, is "explained 01 or generated by a set of variables whiGh 
tion model is appropri~te. 
Th~ method of estirwttion usw:tlly used to obtain estimates of the 
s<qu@res. This me.thod of estimation consists of minimizing the sums of the 
The single et!llusition model can be written .!l!S 
(3.10) 
where Y represents the estim~ted dependent variable; A the const$nt v@lue; 
z1t the fodlepend.ent varbibles (i "" l, 2 1 ••• k); Ut the raindom distult'-
b@nGes; and!. t "" 1,, 2, .•• T the number of observ<l:ltions, The z1t 0 s ~re 
&l!Ssume.d to be fixed, independent of Ut and me~su:red without eir:rro:r. Any 
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errors of measurement aire assumed to be assocb1ted wit):). the one dependent 
variable and are reflected by the disturbance factor Utj' which also 
reflects the effects of omitted independent variables. Estimates of the 
structural parameters, the Bi 0s, are obtained by minimizing the sums of 
squares of the errors .fll.bout the dependent variable, That is, the sum of 
squares 
(3 .11) 
is minimi~ed by the well=known technique of least squares, where Yt is 
A 
the observed value and Yt the estimated value of the dependent variable. 
Historically, this method of estimating parameters h.fll.s been of 
significant importance in the empirical work done in demand aNAlysis. 
It uses a simple techni~ue to estimate the parameters wh~ch is not 
comput~t:/Lonally laboriou.s. A researcher may gain in both time and fi1t1.an= 
@isl resources in using this technique and in many cases more elabor~te 
. 40 
methods will not give more useful results. 
One of the main criticisms directed against the use of the least 
squares approach is that in theory, and quite likely in fact, the observed 
variables are generated through the interdependence of mutual economic 
40 Karl A. Fox, ''Structural Analysis and the Measurement. of Demand 
for F.!ilrm Products/' Review ,2!. Economics and Statistics, 1954, pp. 57-66.,, 
points out how in mlalny instances the single equation approach can be 
used s~ccessfully in estimating the demand for farm products. 
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forces. This seriously limits the use of the single equs.tion techni~ue 
since it fails to take into account the joint and simult~neous determina-
tion of the economic v~riables, When a jointly dependent relationship 
exists a method of estiDJ)j\tion should be used that takes into considers~ 
tion ~11 the avc!lUable information for a simulta.neous solution. 
!he Simultaneous Egu~tion Model 
The simultaneous model is a model for which it is postulated that 
the ~conomic variables are generated by a complete system of e~uations 
whi©h luAve to be solved simultaneously. As in the single e~uation case, 
the statistical model is constructed ao as to be consistent with the 
underlying economiic model, 
A ©omplete gener~l model of structural equations may be written 
BY 0 T AZ O "" U 1 t "t t t = l, 2 .•• 'lt' (3, 12) 
where B is .ai G x Gr nonsingular matrix of the linear icoeffkients of G 
endogenous varlllbles in tr~nsposed row Y~; A is the G x K coeffi©ient 
~trix of the K exogenous or predetermined variables in Z~; and u; is the 
transposed row ve©tor of G disturbances, one relating to ea@h equ~tion. 
41'I:rygve Ha.avelmo, 11'l'he Statistical lmpli~ations of a System of 
Simult~neous Equations, 01 Econometrica, 1943, p. 7 s.ays that when one has 
to deal with a system of joint relationships the "system should, for 
st~tistical purposes be ©onsidered as a system of transforlll&iltions, by 
whiich to derive the joint prob$bility distribution of the observ~ble 
v~riables from the specified distribution of the error terms. And then 
to avoid inconsistencies, ••• all formulae for estim11ting the parameters 
involved should be derived on the basis of this joint probability law 
of all the <01bservable variables involved in the system. uw 
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In @onne@tion with su@h models, the following assumptions are usually 
m~de. 42 The elements of Band A are assumed linear and the following 
~ssumptions are maide regarding the random elements u1t: 
1. The u1t are independent of the zit 
2. !he Uit are normally distributed with zero me$n and finite 
2 
var bm@e (} • 
3. The Uit ~re jointly dependent with covarian@e E(Uit Ujt) - (Jij' 
ij "" l, 2, , • • 1G, i ,/:, j , t = 1, 2, . • • T • 
4. The Uit &i!Jre independent over time, t "" 1, 2, . , • T 
E(Uit Uit=O) ""O. That is, there is no serial @orrelation in 
the residuals, 
Wour distinct types of structural equations may be contained in the 
mmiel, 1'hey ~re: (1) behaviorlil, (2) ide.ntities, (3) te@hnicalp and (4) 
institutioill.ill equations. Only behavioral equations are dealt with in this 
study. 80The behavior equ~tions represent the joint response of groups of 
individuals or firms to common stimulus.°'43 An example is the interrelated 
demand equ~tions for two different types of tree nuts. 
Variables in the beh&vioral e~uations are defined as to their in= 
fluen@e in the st.!!ltistic~l model. "'l'he endogenous variables ~re those 
whose observed values, or probability distribution of the observed v~lues, 
<ffire determinedl by the stru©tural re lat ions. 11 44 'They are jo:lftly 
42George G. Judge, 11An Econometric Analysis of the lDJeD!l$nd for Eggs,°0 
{unpublished Ph.D. Dissert~tion, Iowa State College, 1952), pp. 22-23. 
43 . 
George G, Judge, Economi@ Analysis £!.:Y!! Demand and Supply~= 
tionships £2£ ~, Storrs Agricultural Experiment St$tion Bulletin, No, 
307» (Janu~ry, 1954), p. 6. 
441bid. 
44 · 
dependent. '0The exogenous v4.3lriables are those whose observed values, or. 
probability distribution of the observed values, are determined independent 
of the structur~l relations. ,.45 While exogenous variables influence the 
gener~tion of endogenous values, they in turn are not influenced by the 
endogenous vari$bles. 
Another type of variable is the predetermined variable. A predeter-
mined V$riable is a variable whose observed value is determined independ-
ently of the current structural relations, An endogenous variable with 
~ desig~tecl time l~g would fit in this category. 
Xdentifi$bilitx. The identifiability of the structural equation has 
to be est~blished before the estimation process is carried out. The 
necess~ry identifi~bility conditions on a single structural equation are 
• where G is the number of structural equations or endogenous 
V$riables appe$ring in the model; G* is the number of endogenous 
variables in the structural equation to be estimated; G** is the 
number of endogenous variables appearing in the model but not 
appearing in the structural equation to be estimated; K is the 
number of exogenous or predetermined variables in the model; K* 
is the number of exogenous or predetermined variables in the 
structural equation to be estimated; and K** is the number of 
exogenous or predetermined v~riables which appear in the model 
but not in the structural equation to be estimated. Thus: 
G* + G** .., G 
K* + K** .., K46 
Xf K** ~ G* - 1, the equation is said to be just=identified. If 





Methods of Estim~tion. Each of the endogenous v~riables ~an be 
expressed in terms of ~11 the exogenous variables if the stru~tural equa-
tion is just=identified. Equations of this sort are referred to as 
redµ_£edi for!lll §guations. Estimates of the coefficients of the :redu«.:sed 
fo:rm tMJ(U&t:i.on can be obt,dned by the method of least sqiua:n:'es in that the 
e(!Jluaiti.on (Cont&tins only one endogenous (or dependent) variable. 
BY O + AZ O ~~ U 0 
t t t (3.13) 
B-1BY~ ~ =B=1.Az~ + B-1ut (3.14) 
yo ""1(zo + vo (3.15) 
t t t 
w~ere-1fc.: =B- 1A &1nd V~ ""':s· 1u~. Equ.ltions (3.14) and (3.15) imply Bis 
ncm-singl.l!lar. 47 
When the stru~tural equations are all just-identified as they a:re in 
this study @nd normali~ation is to be made on predetermined variables, 
tfons by an <illlgebr~k trlinsformation of the reduced form ~oeffkie.nts is 
48 given by Foote. This method is used in this study an@ is demonstr~ted 
below for~ three equ~tion model. 
47Ihe 00medthod of moments" may be used also to estimlilte the structur&1.l 
coefficients when the structural equ~tion is just-identified. Judge pre= 
sents the comput~tions necess~ry, jbid.J pp. 49-51. 
48Ri~h~rd J. Foote, ,!\n~lytic~l ~ ~ Stud_ying Dem~ng !.ru! Price 
Structures» U, S. Dep&urtment of Agriculture H.!ilnd1book No, 146, (Washington, 
August 1958), pp. 90Q92. 
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where the endogenous variables are p1, p2 , and p3, the pri~es of the three 
~@mmodities; the exogenous variables or predetermined vari$bles are q 1, 
~2 , ~3, the ~uantities consumed, and y and t represent other exogenous 
V$riables, income and time. 
Equations (3.16), (3,17), and (3.18) may be written in matrix nota~ 
P0 ~ BQ' + CZ' 
t t t (3.19) 
Multiplying (3,19) by B~l and rearranging terms the structural e~ustions 
are obtained and are written as 
(3.20) 
where the elements of B-l are the stru~tural parameters relating to the 
-1 
endogenous v~ri$bles and the elements of B Care the structur$l param= 
eters rel~ting to the exogenous variables. 
CHAPTER IV 
THE CHARACTERISTICS OF THE DEMAND FOR PECANS 
In this chapter the demand relationships within the pecan industry, 
at the grower level, are investigated, Procedures followed in this 
investigation are (1) to construct alternative models explaining price 
formation in the pecan industry; (2) to select sample time periods and 
present the dat~ which were chosen to reflect the included vtal:ri&lllbles; (3) 
to postulate the algebraic form of the relationships hypothesized in the 
modi.els, sind (4) to estimate the parameters associated with the models by 
,ailte:rn:ilative methods. 
Mo@el I: Single Equation Model of the Demand for All Pecans 
pi.sicu~!.Q!! of ~ ~ 
B&llsed on the tenets of economic theory and .a ccmsider1a1tion of the 
des~riptive aspe©ts of the pecan industry it is postulated that the 
dem:aind for all pec~ns at the grower level is a function of the ltJlu~ntity 
of pecans sold, the level of consumer income and the influence of com= 
· modities th~t ~re related in demand with pec~ns. 
Prices received by pec~n growers are assumed to be determined by 
e~onomic forces operating during the marketing season, while the other 
f~~tors in the model are assumed not to be influenced by the price of 
pecans. Among these other factors are the lt)luantities of pec~ns m&llrketed 
and iGonsumed eaic.h se&llson. Qusmtities of pecsins consumed sire aissUI!Milld\ to 
be the q[uarntities produced within the se.ason, Sin«::e production in th@ 
47 
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~urrent season is not affected by current market price, the quantity 
variables are said to be predetermined. Two problems arise when the 
assumption is made that production is equal to consumption. First, the 
quantity of pecans actually harvested, as contrasted with production, may 
be determined to some extent by prices prevailing during the harvesting 
period. therefore, the validity of assuming supply is predetermined might 
be questioned, The other problem is concerned with storage. lf ther.e 
are large amounts of pecans stored by growers or by marketing organizations 
the price of peQmns will be affected not only by the current produ©tion 
but also by the q1.1li\ntities of carry•in and the quantities of production 
stored for future seasons. 49 
Consumer income is included in an attempt to reflect the influence 
of ©KWnges in consumers 0 purchasing power as a demand shifter. The inGome 
v1e1ri,able Mn be assumed to be independent of pecan sales since pecan pu.r-
©h~ses ~cnstitute only~ small part of the consumer 0s budget. It would 
be expe@ted., however, that changes in aggregate consumers u purc,hasing 
power to influence prices re©eived by farmers for pecans, by shifting the 
level of the demand fun©tion. 
To some extent prices of all other commodities influence purclmses of 
pec~ns, but it would be impossible to estimate the relationships between 
pe©~ns ~nd all other commodities. Therefore, only those commodities whi©h 
~re believed to have the most influence on pecan prices ~re included in 
49 Since data are not available showing the amount of storage or of 
pecans not harvested there is no way to adjust the q~ntity variables 
for these discrepancies. 
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the models, 'These commodities, assumed to be independent of peic:an sales 3 
are domestic suppHes of other domestic tree nuts and pec~n imports. 
time is included as a trend variable. This variable refleic:ts the 
effe~ts of excluded factors upon demand that change over time. 
When it is assumed there is only one dependent variable and all the 
other va:ri$1bles a.re independent of changes in the dependent vlal:riable, a 
single e~uation model is appropriate. In Model I, the demand for all 
pe©<Bl.ns is postul.mted to be of the form i 
13 11Y1.t ~ a12z2t + a1i3t + a17z7t + a:1azst + a1,10z1ot + 
al~ llzllt "" 0 u: (4 .1) 
where Ylt represents the seeson everage price received by growers of all 
pei,~~n:s; Z:2:t and. z3t sire the quantities produced of seedling and improved 
pe.s::&ms., re.sper.t:ivelyi Z?'t is t.he actual consumers 0 disposable in(G!ome; z8 t 
is the time variable with origin 1922; z10t is the production plus imports 
of walnuts, filberts and almonds; and z11t is the qiuantity of pecan 
imports. 
the Yit 's denote endogenous or dependent variables; the z1t 0 s 
exogenous or predetermined variables; u1t represents the :residual errors; 
~nd t ~ 1, 2, ••• , T, the time period of the observationso 
The Data. 
The tfaita used to estim~te the parameters in the postull.!lted model ~l'e 
~ollected from second.ary sour~es and are in the form of time series, It 
is believed the time series selected are generated by the eic:onomi~ for©es 
they should yield results ~~~eptable for use. 
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The time period selected is from 1922 to 1955. Observations for the 
w~r years 1942-46, inclusively, were excluded from the analysis. This was 
done pri~rily because of price controls and other abnormal conditions 
influencing consumer and producer behaviour patterns which resulted in a 
period non=~omparable with other periods used in the analysis, 
Data on prices and income are deflated by the consumer price index.50 
It is reali~ed thalt full allowance cannot be made for changes in the 
gener~l price level except in the case where the relationship between the 
defl~tor and the origi.1.1li1il series are in a one-to-one ratio; moreover, only 
r~rely would one expe~t a time series to meet this rigid specification. 
To adjust for the influence of general growth factors 3 such as an 
increase in net population, the quantity and income series are put on~ 
p~r capit~ b$sis. The estimate of total population as quoted by the 
Dep~rtment of Agriculture from the Bureau of Census consists of the 
~ivilian population residing in the continental United. States plus all 
Armed Forces of the United States, including those members overseas, as of 
July 1 of the year indicated. 
The time series representing the price-quantity relations are aggre-
gates me®sured at the grower level for the crop year. Each series is 
treated as if it consisted of homogenous items. Actually, however, this 
is far from the c~se since each series represents a composite of factors, 
such ~s different grades, sizes, location of purchase and periods of s~le 
50 · The ~onsumer price index is based upon a price series prepared by 
the Bureau of labor Statistics that measures the time-to-time changes in 
~osts of fixed quantities of selected goods, rents, and services used by 
moderate in~ome families in large cities. 
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within the season. All these different components, however, ~re included 
in one figure ~nd aggregated over the entire !llSl.rketing period. 
the income v~ri~ble is represented by actual disposable personiil 
in~ome for the c~lendar year as quoted by the Department of Agriculture. 
l'his series :is defined ,as c, ••• the actual current income receipts of 
persons from all sources, less persoMl tax and nontax payments to feder.!lll., 
st@tejl ~nd loc.eil governments. It is the closest overall sta;itist.k~l 
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~pproximation to consumer purchasing power derived from current incomes." 
As the m®.jority of pecans $re purchased in the last ~uarter of the ye~r 
it eould be $rgued that the income series should be income during the 
l~st ~uarter or l~st half of the year inste~d of the entire calend~r ye~~. 
this adjustment, however, was not attempted in this analysis. 
'!ht9. $!.@justed time s~ries data care presented in 'I.able VIII, with s des~ 
~ripti~n of es©h of the series. The basic series from which these t~bles 
were computed are given in Appendix A. 
Us~lly, equ.ations in this type of analysis are assumed to be line~r 
in n~tur~l units or in common logarithms. A priori there is little re~son 
for choosing one functional form over the other, although the log~rithmi~ 
f©rm hlii\s ~n ~dv~ntage in that the estimates of the coeffi©ients ~~n b~ 
m®kes the following comment: 
51united St~tes Bureau of Agricultural Economics, ConsW!llption ,91 
Food J..!! ~ Qnited St$tes, .liQ.2.=~, Agriculture Handbook No. 62.$ 
(W®shington, D.c., September 1953), p. 176. 
TABLE VIII 
TIME SERIES DATA FOR MODELS PRESENTED IN CHAPTER IV 
Year yl y2 Y3 z2 z . 3 Z7 z8 · 210 zll 
1922 37.01 26.12 62.15 .0718 .0313 756 1' 1.624 2.243 
1923 26.47 19.34 58.30 .4242 .0939 845 2 1.602 • 7000 
.1924 32.01 25.44 59.92 .• 2703 .0627 834 3 l.846 2.382 
1925 29.47 23.07 50.13 • 3'46 7 .1063 848 4 1.912 .8748 
1926 20.63 15.61 42.99 .6672 .1493 861 5 1.508 .9532 
1927 2 7. 76 .20. 75 47. 71 .2266 .0802 869 6 1.745 .2185 
1928 22.65 16.37 40.38 .4195 .1494 891 7 1.422 .4490 · 
1,929 20.05 15.55 43.25 .3654 .0725 930 8 1.864 -:6002 
1930 20.87 15.13 38.79 .3514 .1127 846 9 1.549 .4086 
1931 12.00 8;92 21.38 .5360 .1774 792 10 1.366 .3718 
1932 . 10.27 · 7.53 23.12 .4521 .0946 668 11 1.384 .0192 
1933 14.47 10.85 23.51 .4448 .1847 658 12 1.018 • 5661 
1934 ,22.03 · 19.23 27.10 .2904 .1540 719 13 1.189 .8188 
1935 11.58 8.52 21.1,2 .7470 .2316 782 14 1.547 .5495 
1936 20.91 16.19 24.79 .2149 .2518 872 15 1.380 .0952 
1937 12.54 9.45 17.75 .5214 .3108 · 897 16 1.593 .3610 
1938 15.59 11.94 19.57 .3007 .2719 839 17 1.318 .2974 
1939 16.33 13.13 20.54 .4287 .3128 906 18 1.624 .4301 
1940 14.86 11. 52 21.37 .6113 .3189 962 19 1.203 .2710 
1941 16 .38 13.Sl 20.35 .5272 .3857 1,108 20 1.422 .0030 
.1947 23.35 19.16 30.78 • 5164 .3136 1,228 26 1.862 • 9604 
1948 11.87 9.73 14. 78 .6720 .5288 1,245 27 1.939 .·3254 
1949 18.47 16.70 21.41 .5066 .3358 1,239 28 2,130 ,1917 
1950 28.02 25,00 30,93 .4077 .4139 1,322 29 1.869 .9209 
1951 17.75 15.50 19. 55" ,4413 .5738 1,319 30 1. 925 1,0078 
1952 19,47 16. 56 22.20 .4578 ,5068 1,332 31 1.999 .6331 
1953 14.25 12.85 15,56 .6764 .6655 1,371 32 1.616 .3853 
1954 24.91 21.95 24.48 ,3128 .2697 1,365 33 1.878 .5450 
1955 28.65 25.85 35. 72 .6319 - .2565 1,428 34 1.759 1.2260 
Y1 is the season average price, on a cents per pound basis, received by 
growers of all p·ecans, deflated by the. consumer price index. 
Y~ is the season average price, on a cents per pound basis, received by 
g owers of seedling pecans, deflated by the consumerprice index, . 
Y3 is the season average price, on a cents per pound basis, received by 
growers of improved pecans, deflated by the consumer price index. 
z2 is the seedling pecan production on a pounds per capita basis, 
z3 is improved pecan production on a pounds per capita basis. 
Z7 is actual disposable personal income, dollars per capita, deflated by 
the consumer price index. 
Zs is the time period, origin at 1922. 
z10 is the supply of competing nuts, on a pounds per capita basis. This 
series was computed by adding domestic production of almonds, filberts, 
walnuts to the imports of each of these nuts. 
z11 is the total imports of pecans (in-shell basis), pounds per 100 persons. 
••• logarithmic eqJu.aitions should be used wheri (1) the :relation= 
ships between the variables are believed to be multiplicative 
rather than additive, (2) the relations are believed to be 
more stable in percentage rather than absolute terms, and 
(3} the unexplained residuals are believed to be more uniform 
over the range of independent variables when expressed in per= 
cent.age r~ther than.absolute terms.52 
53 
ln this study both functional forms are used. Equations in natural units 
are presented in the text while the logarithmic forms are presented in 
the Appendix. 53 
Empi:ri©al Results 
The empi:ric$l result of estim!llting the demand for all pecans, using 
the method of least s~u~res is~ 
yl = 9.4400 - 17.6035z - 19.J067Z~ + 0,0344Z7 - 0.3984Za - 4.2232Zl0 
(5.0143)2 (3.4860)~ (5.5631) (3.1051) (l.5580) 
R2 = .8982 + 4.6939Zll (4.2)54 
(4.7673) 
'the 11 t=:ratios 11 ~re shown in parentheses .. dire@tly below eatth of the 
net regression @oeffi@ients. ?he t-ratios indicate th~t all @oefficients 
~~e significantly different from zero at the 5 percent level, @onsidering 
both ~ils of the t=distribution, except the coefficient of z10 . The 
@oeffi@ient of z10 is significantly different from zero at the 20 percent 
level, the coefficient of determination (R2) indicates that 89.8 percent 
of the vari.ation in the price of pecans was "accounted for" by the combined 
influence of the independent variables in the equation. The t=ratios ~nd 
52 Foote, p. 37. 
53A prime att.ached to a model number indicates that the equations in 
the model are post~lated to be linear in the log~rithms of the variables, 
54the log~rithmic forms of the equ~tions ~re presented in Appendix 
B ~nd ~~n be used as a basis for comparison. 
the coefficient of determination are presented for all the equations 
estimated by the method of least squares in the same formait as above. 
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Conditional inferences may be made from the net regression coeffi-
cients to describe the average relationships, ceteris paribus, prevailing 
during the time period analyzed. Examples of these types of inferences 
(1) A change of one pound per capita in seedling pecans produced 
{Z2) was associated, on the average, with a change in the 
opposite dire@tion of 17.60 cents per pound in the "real" 
price received by growers of all pecans; 
(2) A change of one pound per capita in improved pecans produced 
(Z3) was associated, on the average, with a change in the 
opposite direction df 19 • .31 cents per pound in the 11real11 
price received by the growers of all pecans; 
(3) A cMnge in "real" per capita disposable income (Z7) of 
one dollar was associated, on the average, with~ change in 
the same dire©tion of .0.3 cents in the 11rea1n price received 
by growers of all pecans. 
The signs of the net regression coefficients, except for z11 , agree 
with~ priori expectations. The negative sign of the coefficients on z2 
and z3 .are indicative of the inverse relationship between production and 
the price of pecans. A change in the quantity of improved pecans appears 
to have a greater influence on the price received for all pecans tha,n a 
change in the quantity of seedlings. This could be aii:counted for by the 
us~l higher shell=out for improved pecans than for seedlings. The 
coefficient of the time variable (Z8) is negative and highly significant, 
55 
moving over time is inversely related to Y1. The neg~tive sign on the 
~@effi~ient of z10 (the supply of other domesti~ tree nuts besides pe©ans) 
exemplifies~ ~ompetitive relationship between pe~~ns ®nd the other tree 
nuts. 
The positive coefficient of z11 (imports of pe~~ns) is in disagree-
m®nt with its theoreti~~l ~ounterp$rt. It would be expected for imports 
of pe~@ns to be ©Ompetitive with domestic pecans. However, it could be 
@irgued tb.a1t the sign is positive because imports of pe«::<@.ns ~re not.9 in 
re@lity, indepen@ent of domestic price.55 In f~~t, in ye~rs when there 
is ai high id[l(l)mestiic: pr:i.ce more foreign supplies ~re sought. Actually the 
©ompetition of pe©an imports with domestic pe©ans is probably not tl(l)o 
gre~t ~n influen©e bec~use of the small amount of pecans grown outside 
56 the Unitedl St$1t':.es •. 
Two Equ~tion Models: The Delli/ind for Seedling and Improved Pe©~ns 
Model u: 
Dis©ussion of the Model, The two equation models contain ~11 the 
same v~riables as the single equation models except the variable represen= 
ting pri©e received for all pecans. The weighted aver~ge pri©e vari~ble 
55Note that the m~gnitude of this coefficient is higher th~n it 
w~uld be if this time series were on the same popul/BJ.tion base @s the 
other ti;luantity time series in the ~((Jlu~tion. The other time se:ries &Jtt'~ 
on per ©®pit&Jt b~sis, while imports are on the b~ses of pounds pe:r 100 
pe:rs@ns. 
560n.1y 5 pe:r~ent of the world 0s pecans are grown outside the United 
St~t~s. ln the 1949=52 period pe©an imports were only .6 percent of 
domesti~ production. 
for ~11 pe~ans is replA©ed by two v&riables representing the prices of 
seedling and improved pecans. 
Seedling and improved pecans are readily substituted for each other. 
Since it is assumed that the quantities of each are predetermined, the 
postulated model should reflect the joint determi~tion of their prices. 
Prior to the development of the simultaneous technique of estimating 
p~r~meters, the single equation approach was usually used in studying 
dellt!!l.nd relationships, ~nd it was one of the methods used in this study. 
In using the single e.iquation approach the price of each type of pecan is 
~ssum®d dependent while the quantities sold and the other var:!\.sibles are 
@ssumed to be independent. Two single e~uations are estimated, first 
using one pri©e, then the other, and then by comparing the coefficients 
of the two quantity vari~bles, inferences are made regarding dell:Mlnd 
relationships. 
In ©ontr.!!Lst., .si simultaneous .!ilpproach is used in whkh the joint 
determilll®tion of the prices of seedling and improv~d pe©.!!Lns can be taken 
into ~ccount explicitly- in the estimating procedure. This is done by 
~lgebraically transforming the single equation estim.SLtes51 into just= 
identified estimates. The price variables are thus hypothesized to be 
endogenous and simultaneously determined within the system. The just= 
identified structural e~uations in the two equation model are postulated 
to be of the form: 
l322Y2t + 132/3t + a22Z2t + a.2f7t + a28z8t + a2,10z10,t 
+ a2,11z11,t = u2t 
57Referred to in Ch.®.pter Ill as the redu©ed form eq~tion. 
(4.3) 
~32Y2t + ~33Y3t + a33z3t + a37z7t + a38z8t + a3, 1oz10, t 
+ a3, llzll, t = u3t (4.4) 
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where Y2t and Y3t represent the season average price received by growers 
of seedling and improved pecans, respectively; the other variables are 
as defined before. 
'The dat<SL representing the "real°' prices received by growers of 
seedling and improved pecans are included in Table VIII with the other 
time series. The time period and the form of the equations are the same 
$S for the previous model. 
Empirical Resul~. 
(1) Single equation estimates, The empirical results of the 
single equation estimates are: 
Y2 ~ 5,1905 ~ 1J.47ooz2 - 18.3984z3 + o.0272z7 - 0.1613 z8 - J.1751z 10 
(4.1476) 0,5910) (4. 7617) (1. 3595) (l.2662) 
2 
R "" .8675 + 3.9920Z 11 
(4.3827) 
(4.5) 
YJ = 6.8566 = 8.8602Z2 - 35.4238ZJ + 0.0634Z7 - l,5541Z8 - 2.7113z 10 
(l.8534) (4.6971) (7.5305) (8.8960) (0,7345) 
R2 "" .9552 + 6.9088Z 11 
(5 .1530) 
(4.6) 
the value of the net regression coefficient of z8 (time) in eq~tion 
(4.5) a.ndl of z10 in both etg1u1~tions (4,5) and (4.6) are not st~tistk~lly 
signifi~~nt at the 5 percent level. The values of all the other net 
regression ©oeffi~ients ~re significant at the 5 percent level except 
for z2 in equation (4.6). Its value is significant at the 10 percent 
level, Compared with equation (4.2) the value of R2 for equation (4.5) 
d.ecre.lllsed while R2 increas;ed for etgtu.ation (4.6). The signs of the net 
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regression coefficients are consistent with theoretical considerations 
except, as before, for the sign of the coefficient on z11 . 
Using these equations, inferences can be drawn regarding the demand 
interrelations between seedling and improved pecans. The sign and magni-
tude of the coefficient of the quantity of one type on the price of the 
other type exemplifies the demand interrelationships. The negative sign 
of the coefficient on z3 in equation (4.5) and on z2 in equation (4.6) 
indic~tes that the two types are competing in demand. Economic theory 
suggests that the price of a commodity would be influenced more by a 
cMnge in its quantity than a change in the quantity of a related com= 
modity. This, however, is not the case in equation (4.5) where the 
~uantity of improved pecans influences the price of seedlings to a great-
er extent than does the quantity of seedlings. This is probably the 
result of the higher shell-out percentage for improved than for seedling 
pecans. 
lf seedling and improved pecans were perfect substitutes, on a 
pound for pound basis, the coefficients of z2 and z3 would be approxi= 
m.ately equal. These coefficients, with their standard errors in paren-
theses, from equation (4.5) are: 
-13,4700Z2 and -18.3984Z3; 
(3.2476) (5.1235) 
and from equation (4.6) they are: 
-8.8602Z2 and -35.4238Z3 • 
(4.7805) (7.5416) 
The coefficients are approximately equal, within one standard error in 
equation (4.5), but in equation (4.6) this is not so. The implication is 
that while improved pecans are a perfect substitute for seedlings, the 
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converse is not true. Examinaitions of their uses would reve~l why this is. 
so; whereas improved pecans can readily substitute for seedling pecans in 
shelled form, seedling pecans cannot readily be substituted for improved 
pec~ns for in=shell use.58 
(2) ~-identified estimates, The just-identified results with 
qu~ntities expressed as a function of all other va:riables are: 
Z2 "" ··O. 1128Y2 + O, 0586Y 3 = 0. ooo6z7 + O. 0728Z8 - 0. 1992:Z 10 
+ 0,0455z 11 
Z3 w +0,0282Y2 = 0.0429Y3 + 0.0019Z7 = 0.0621Z8 = o.0267z10 
+ 0 .1836z 11 
(4. 7) 
Assuming th&t produ~tion is approximately equal to ~onsumption e~~h 
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H/elson, the eqp1,a.Uons lnilly be interpreted, ceteris PiSlribus, a.s follows: 
(l) A t.hange in the i 1real11 price of one cent per pound received 
by growers of seedling pecans was associated, on the $Ver.age, 
with a change in the opposite direction of .11 pounds of 
seedling pecans demanded, per capita. 
(2) A change in the "real°' price of one cent peir pound received 
by growers of improved pecans was associated, on the average, 
with a change in the same direction of .06 pounds of seedling 
pecans demanded, per capita. 
58Most of the seedling pecans are shelled and almost all of the in= 
shell pecans are of improved varieties. 
59stand.ard errors were not computed for the simultaneous results. 
60As was previously discussed, this assumption lllllay be invalid if 
pecan stocks are carried over for future seasons by f~rmer org~nizations. 
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0) A change in "real" per capita disposable income of one dollar 
was associated, on the average, with a change in the opposite 
direction of .001 pounds of seedling pecans demanded, per 
capita. 
In comparison with the single equation estimates two apparent diffel"" 
ences are noted in the just-identified results. One is the unexpected 
neg~tive income effect indicated by the negative sign of the coefficient 
on z7 in equation (4.7). This means that as income incre~ses a smaller 
~u~ntity of seedling pecans is demanded. One argument that could be 
$~vanced for this ne~tive income effect is that as income rises people 
desire more pecans but bought fewer seedlings. If people preferred in-
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shell pecans and the type of kernel the improved pecan produced, they 
might shift their purchases from seedlings to improved pec~ns as incomes 
increased. The other difference is the change in the relative magnitudes 
of the coefficients indicating the competitive relationship between seed-
ling and improved pecans, as given in equation (4.7) in comparison to 
equation (4,5), Seedlings and improved pecans are still competitive, as 
revealed by the positive sign of the coefficient on Y3, although now 
the intensity of this relationship is more in consistency with its 
theoretical counterpart. This can be noted by examining equ~tion (4.7) 
in which the price of seedlings influences the quantity of seedling to a 
greater extent than does the price of improved pecans. 
The rel~tive intensity of competitiveness of other domestic tree nuts 
increased in the just-identified results. ?his is noted by comp~ring the 
61 K~rnels of improved pecans are usually l~rger tlwn those of seed-
lings. 
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relative magnitude of the coefficients of z10 in equations (4.7) and (4.8) 
with the coefficients of other variables within these equations with the 
rel~tive magnitude of z10 with the coefficients of other v~riables in 
equations (4.5) and (4.6). 
(3) Comparison of lb!, "Hotelling condition°1 • The empiri©al 
results of demand relationships ©an be examined and compared using the 
"Hotelling conditions" of related demands. 
Acco1sding to the "Hotelling conditions", if two goods, i and j, are 
rel~ted in consumption ~nd the consumers act rationally, the change in 
th qll!lntity (price) of the i good brought about by the change in price 
(quantity) of the jth good will equal the change in the quantity (price) 
of the j th good brought about by a change in the price (quantity) .of the 
th 
i good. The "Hotelling conditions" which are used in examining the 
equations are: 
= ( l); or (II) 
Schultz points out th.at conditions ( 1) and {II) are conditions on the 
signs and the absolute magnitude of the coefficients. When both terms of 
conditions (I) are negative (positive for terms of condition (II)] and 
st.!ltistically significant, the commodities are said to be complement.&ry 
in deomnd. When both terms are positive [negative for terms of condition 
{II)] the commodities are competing in demand. He adds th~t "When one of 
the signs is negative and the other positive, the ©ondition is not satis= 
fied, no matter how many times each coefficient exceeds its standard 
62 error. 11 
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Schultz, p. 595. 
Examination of Table IX indicates the competitive relationships 
based on the preceding equations. A question mark before the statement 
of the probable type of relationship in Table IX of the single equation 
esti~tes means one or both of the coefficients are not significant.~t 
the 5 percent level, or the terms are not equal within one standard 
error. Coefficients from the just-identified estimates are judged only 
according to sign as their standard errors are not computed. 
'!'ABLE IX 
OBSERVABLE CON~lTIONS OF RELATED DEMANDS FOR MODEL 11 
Commodities 
Seedling and improved pecans 




~18.3984 = -8.8602 
(5.1235) (4.7805) 





(4) Comparison 21 the price elasticities. For equations in 
natural units the coefficients of price elasticities are computed as 
the means. From the single equation estimates the coefficient of price 
flexibility is first computed at the mean and then its reciprocal is 
used as a measure of the price elasticity. The price elasticities from 
model II are: 
(1) Single equation estimates ••• 








The ~verage price elasticities for the years included in the analysis 
are elastic. The el~sticity coefficient for improved pecans is higher 
than that for seedlings in each case, indicating that buyers are more 
responsive to changes in the price of improved pecans. The just-identi-
fied estimates of elasticities are greater than single-equation estimates 
for both seedling and improved pecans. 63 
(5) Comparison of the cross-price flexibilities and £.h! ~ 
elasticities. The cross-price flexibilities and cross elasticities are 
measures closely related to the "Hotelling conditions". If price is the 
dependent variable the nHotelling condition11 implies that 
The analogous pair of cross-price flexibilities are computed by multi= 
plying each side of this eqUS1tion by the appropruite ratio of quantity to 
pri©e, that is, 
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6J the reverse of these two observations is true in the logarithm 
form of the equations. When logarithm form is used the pri©e elasticity 
is $SSumed to be constant throughout the years of the analysis. Elastici-
ties from the logarithm equations are: 
(1) Single equation estimates 







64the Q and P indi~ates these are measured at their mean. 
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In a like fashion, the corresponding results could be shown for the 
cross-elasticities. When prices are the dependent variables the ,uHotel= 
ling condlitions" and the cross-prke flexibilities will have the same 
sign. When «l[uantities are dependent, the 11Hotelling conditions 11 and the 
cross ebistfoities have the same sign. The equating of the "Hotelling 
conditionsn does n@t .apply, however 3 to the measures of flexibilities and 
elasticities; they are used to measure responsiveness in percentage terms 
of changes in the price (quantity) of one tree nut associated with 
clmnges in the qumntity (price) of another tree nut. 
the following values of the cross~price flexibilities were obtained 
from the single equation estimates. A change of .one percent in the quan-
tity of improved pecans was found to be associated with a change in the 
opposite direction of 0.2889 percent in the price of seedlings. A change 
of one percent in the qWllntity of seedling pecans was found to be 
associated with a change in the opposite direction of 0.1267 percent in 
the price of improved pe~~ns. The cross elasticities obtained from just-
identified estimates are: A change of one percent in the price of seed-
lings was associated with a change in the same direction of 1,7925 per-
cent in the quantity of improved pecans. A change of one percent in the 
price of improved pecans was associated with a change in the same direction 
of 4.1052 percent in the cqJ,~ntity of seedlings. 
All these measures indicate that seedlings and improved pecans are 
competitive in demand. The larger the measure the stronger is the 
relationship. Seedling pe~an prices (quantities) are found to be more 
responsive to ~hanges in the quantity (price) of improved pecans than 
vice versa. This is consistent with the empirkal results, in absolute 
terms, of the single equ~tion estimates. 
(6) Comparison of income elasticities, InGome elasticities 
were computed at the me~ns for the eiq[uations in natural units. In order 
to UMi.lke the income coefficients comp~rable the ~oeffiGient of income 
elastkity for the single eiqtuai.tion estimates were ©omputerd by first trsi.ns-
posing the :relev!Blnt qu@ntity VIB!I'i.j.ble to t.he dependent position in the 
appropriate eiqt~~tion. The income elasticities are: 
Seedling pec<!lms Improved peGans 
Single equ~tion estimsites ••• +4.4,761 +6.9734 
Just- idlent if ied esti~tes ••• -1.3428 +7.3608 
! priQri, ~s previously discussed, the neg~tive income effect was not 
expected for seedling pe©snso 65 From these me~sures it ©®n be said that 
~u~ntities of improved pec~ns consumed have been more responsive to 
Model III 
Discussion of the Model. Since imports of pec~ns (Z 11) ~©count f~r 
only a s~ll percentage of the domestic supply and the sign of this 
vari~ble disagreed with~ priori expectations, z11 w~s eliminated from 
Model Ilo this w~s done to determine whether excluding this v@riable 
65 1n the log~ri~hm form the coefficiirnt of inGomie elasticity from 
this eiqtustion is positive. However, an indicated complement@ry relation-
ship between seedling and improved pec~ns W$S obt~ined whi~h is ~t 
v1&:rri&'l.nce with previous results as well .as theoreti~~ 1 expe~t:&tion.s (see 
e~u~tion (4.1'), Appen@ix B), 
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Ex~ept for the exclusion of this variable, M@del III is the same as 
Model II. 
Empirical Results. 
(1) Single egu~tions estimates. The single equation estimates 
Y2 G 4.2019 - 16.2223z2 - 21.1a5sz3 + o.0332z7 = o.2s7oz8 - 2.1562z 10 (4.9) 
(3.8035) (3.1133) (4.4696) (1.8617) (0.6452) 
R2 "" , 7518 
Y3 = 5.1456 = 13.6234Z2 = 40.2479Z3 + 0,0737z7 - l,7716z8 = 0.9479Z 10 (4.10) 
(1.9992) (3.7017) (6.2107) (7.1925) (0.1775) 
2 
R = .9011 
Except for the net regression coefficient of z10, the sign and the 
msignitudes of the Goefficients did not change to any great extent. In 
~omparison to e~uations (4,5) and (4.6) the coefficient of z10 was reduced 
in magnitude and the level of significance decreased considerably. 
(2) ~-identified estimates. The just=identified estimates 
z2 = -0. l105Y2 + 0, 0582Y .3 - 0. 0006z7 + 0. 07l.3Z8 - 0 .1831:i lO 
Z3 = +0.0374Y2 = 0.0445Y3 + o.002oz7 = 0.0682Z8 + 0.0384Zl0 
(4.11) 
(4.12) 
The elimi~tion of z11 resulted in the changing of the sign of the ©oef= 
fi@ient of z10 {the supply of other domestic tree nuts besides pe@$ns) 
from negative to positive in equation (4.12) in ©c»mp$rison with e~uation 
(4.8), This @h~nged the rel~tionship of these other nuts to @omplement®~Y 
with£ priori expectations ~nd the previous empiri©al results. 
TABLE X 




of Re laL t ions hip 
Seei.dl ling aLnd improved pe©@ms 
-2L 1858 "' -13,6234 
(6.8049) (6.8144) 
+ 0,0582 ~ + 0,0374 
?Competing 
Competing 
Ag@:ltn the ©ompetitive :rel&.tionships are indiiCl'!ted; however, the 
estim~te of the coeffi©:ient of z2 is still not signific.ant @t the 5 per-
Seisld ling pe11;~ns 
(1) Single equ~tion estim@tes ••• =2,2665 
(2) Just=identified estim~tes ••• -4.0571 
&nd they @:re icomp~rable with previous estimates. 
=3.0303 
=5 .3964 
bility of the p:ritG® of see.dU.ngs with :respe©t to the «;1usintity of improved 
pe©@ns W<!ilS -0.3326; the cross-prke flexibility of improved\ with respe.CGt 
to seedlings was -0.1948, The estimsites of icross el~sti11;ities from the 
with respeCGt to the pri~e of seedlings, ~nd +4.0772 fgr the ~u~ntity of 
seedlings with respect to the price of improved pecans. These results 
are comparable with the results from model II. 
(6) Comparison .Q! income elasticities. The computed incoine 
elasticities for Model III are: 
Single e~uation estim$.tes ••• 
Just-identified estimates ••• 






These income elasticities are the same as for mQdel II except for the 
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just~iclentified estimate of income elasticity for improved pecans, which 
is slightly higher in 111n$gnitude than in model II. 
Model_!! 
Discussion of the Model. Model IV is the same as Model III except 
for the exclusion of z10 . This variable, representing the supply of 
domestic tree nuts other than pecans, was omitted bec$use it was not 
significant and its relationship with improved pecans w~s complementary=-
dis~greeing with previous empirical results and.! ariori expect~tions. 
There are no noticeable @hanges in these estimates canpared with those 
from model III. 
Empiri~al Results. 
(l) Single equation estimates. 
Y2 ""'3.1812 - 15.8186z2 - 20,7029Z3 + 0,0297Z7 - 0,2468z8 
(3,7959) (3.0988) (5.8891) (l.7720) 
(4 .13) 
R2 ,.., , 1413 
Y3 = 4.6969 = 1.3.4460Z2 - 40.0356Z3 + o.0722z7 - l, 7539Z8 
(2.0382) (3,7818) (9.0257) (7.9459) 
(4 .14) 
2 
R ""' .9010 
z2 = -O.ll28Y2 + 0,058.3Y3 - 0.0009Z7 + 0,0745z8 (4.15) 
z3 = +o.0379y2 - o.o446Y3 + o.0021z7 - o.o6ssz8 (4.16) 
0) a_ comp~rison ,2! lb!. "Hotelling ©onditions 11 • The tests 
impU.ed by the 0'Hotelling conditions" when applied to these equations 
TABLE XI 
OBSERVABLE CONilJI'l'lONS OF RELATED DEMANDS FOR MODEL IV 
Seedling and improved pe©ans 
Single equation estimateso•• 
Just=identified esti~tes ••• 
Hotelling 
conditions 
-20.7029 = -13.4460 
(6.6809) (6.6035) 
+ 0,0583 = + 0.0379 




the coefficient of z2 is not significant at the 5 percent level. 
(4) Com.p~rison _Q£, ~ Qrice elasticities. The pri@e elasti-
cities from Model IV are: 
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Seedling pecans Improved pecans 
(1) Single equation estimates -2 • .3240 
(2) Just=identified estimates -4.1421 
=3.0460 
=5 .4085 
(5) Comparison of the cross-price flexibiliti~s and cross 
el@sti©ities. The est~tes of cross-pri@e flexibiliti®s from the single 
e~~tion estilruiltes are -0.3250 for the price of seedlings with respe@t 
to the quantity of impr©ved pec~ns, and =0,1923 for the pri@e of improved 
pe@~ns with respe©t to the qu~ntity of seedlings. The estim$tes of @ross 
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el~sti@ities from th,e just~identified e~uations are +2.4091 for the qu~n-
tity of improved pec~ns with respe©t to the price of seedlings, and 
+4.0842 for the qu~ntity of seedlings with respe@t to the price of improved 
pecans. 
(6) ! comparison .£1. the in@ome elasticities. The computed 
in©ome elasticities f,:llr model IV are: 









DEM~ND INTERREIAT!ONSHIPS AMONG DOMESTIC EDIBLE TREE NUTS 
The results of the st®tisti©al study of interrel~tionships among 
dlomesti© edible tree nuts ~r@ presented in this ©h®pter. The procedures 
f 1D1Uowed £!1ndl thie v&llrious me<ffisures employed in ex<ffimining the empiri©al 
results ®re the S$me &l!.S those used in the pre<eeding ©h~pter, 
Mo~el y 
llHs«;;ussfon of ~ M\odeL The ch.aracteristi©s of dlemand :faicing the 
groW@\11:S 1r,f wailnl!lts, filberts, @nd <1!1,lmonds a:re simil®r to thiJJse fstlC;ing 
pe«;;~n growers in tb.s:.t the prices re((;;eived for e®ich nut is determined 
primrily by the rgiu1,ntity of the tree. nut placed on the llMi\rket, the level 
receiived for e&ilch tree rtut ~re &Jlssumed to be determined within the min·= 
keting se.lelson, while the othe:r variables a:r;e assumed to be predletermin~d 
or exogenous to the system. 
Dat~ on prodluiction, whiich is prsdetermined, <11<re used to :ref leict t.he 
qiuatntities 0f eaich tree nut on the m&rket a.t the grower level, 'rhi.s 
i.nfers thilll.t the iqiu~ntity produced is e/.<qtua,l to the ,1,J1Uc!i1ntity harvested and 
sold ee.©h semsono The V$lidity of using production to reflierct l!M'il:rk@tings 
and ~onsumption C$n be questioned be~suse of storilll.ge of tree n~ts ~nd the 
d:Lspositi©n of tree nuts in non=@ompetitive outlets under provisions of 
tlll&ilrk@ting; lelgreements c!llnd orders. Both of these f/&e;;tors tend to bi~s 
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upward the variables representing quantities of tree nuts on the market. 
An attempt is made to account for the influence of domestic tree 
nut imports by including~ separate variable to reflect the imports of all 
domestic-type tree nuts combined. This variable is postulated to be 
exogenous in that exports are largely controlled by policies of the United 
States Tariff Commission. 
The parameters associated with the four-equation models were esti-
ll.la\ted in the same way as were t'hose of the previous two=eiqiuation models. 
First, the single eiqiuation approach is used in which the price of each 
tree nut is assumed to be dependent upon the quantities of each nut pro-
duced and the other independent variables. Then the single e~uations are 
algebraically transposed to obtain just-identified estimates which 
refle@t the joint ~nd simult~neous determination of all four prices. The 
just-identified structural e~uations are postulated to be of the form: 
l341Y lt + 1344 Y4t + !345Y 5t + 134l6t + o:41zlt + o:4f7t + o:49z9t 
+ a4,12z12,t = 04t 
13 51Y1t + 1354Y4t + 1355Y5t + f356Y6t + o:54z4t + o:5f7t + o:59z9t 
+ a5, 12z12t = u5t 
!361Y1t + f364Y4t + f365Y5t + f366Y6t + o:65z5t + a67'7t + a69z9t 
+ a6, 12Z12t = 06t 





where Ylt' Y4t, Y5t, Y6t represent the seasonal average price received 
by growers of pecans, w.alnuts, filberts, and almonds resp®@tively; Zlt' 
z4t, z5t, z6t are the IIJ!.u.antities produced of pecans, w.eilnuts, filberts, 
and almonds; z7t represents actual consumers 1 income; z9t is time with 
origin ®t 1927; and z12t is the ©ombined imports of pe©@ns, w~lnuts 1 
almonds and filberts, 
?he ~ filll! Algebraic ~ of the Equations, ?he prke dat~ used 
to refle©t the theoretic:~1 variables in the four e«Jtuation model were 
deflated by the consumer price index and the ~uantity dat~ were put on 
~ tons per million persons basis. the parameters of these models were 
estim~ted from annu~l dat~ for the period 1927-55, excluding the war 
ye~rs 1942=46, The time series used in the analysis are presented in 
thes® t~bles ~re ©omputed ~re given in Appendix A, 
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?he e~u~tions were fitted in two functional forms=-line~r in natural 
units ~nd line®r in ©ommon log~rithms. Equations in natural units ~re 
pres®nted in the text while the logarithmic forms are given in Appendix B. 
Empirical Results. 
( 1) Single e:91u®.tion estimates. Empirical results of the singB 
equation estim£iltes are: 
Y4 ~ 289,5348 + 0.0041Z 1 - 0,5154Z4 + 0.9273z5 - 0,l500Z6 + 0,5013Z1 
(0,0320) (2,5386) (0,7107) (0.5206) (2,6276) 
R2 "" .6288 
Y5 ~ 528.6388 - o.0031z 1 
(0,0260) 
2 
R "" • 1531 
- 0 3704Z - 0,5996Z - 0,7042Z + 0,3189Z 
(l:9333)4 (0.4870) 5 (2,5900) 6 (l.7712) 7 
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TABLE XII 
TIME SERIES DATA FOR MODELS PRES~NTED IN CHAPTER V 
Year yl Y4 Y5 y6 z1 Z4 25 z 6 Z7 z 9 212 
1927 555 446 431 431 153.4 437.8 0.5042 100.8 869 1 334.5 
1928 453 574 518 464 284.4 227.4 1.660 116.2 891 2 . 365.2 
1929 401 438 409 655 219.0 356.3 1.64,2 38.59 930 3 538.4 
1930 417 574 476 280 232. l 246.1 2.437 109.7 846 4 418.3 
1931 240 343 385 2 71 356.7 275.8 3.387 119.4 - 792 5 285.9 
1932 205 307 346 283 273.4 393.4 3.926 112.2 668 6 ·182. 7 
1933 289 405 537 336 313.7 270. 7 8.519 lf.)2. 7 658 7 130.0 
1934 441 334 353 315 222.2 372.6 9.573 94.94 719 8 121.3 
1935 232 346 448 477 489.3 451.3 9.748 99.84 782 9 215.2 
1936 418 366 455 678 233.4 357.5 16.39 83.$3 872 10 233.1 
1937 251 295 353 448 416.1 484.5 19.95 191.0 897 11 103.1 
1938 312 367 373 428 286.3 426.0 18.80 141.$ 839 12 73.67 
1939 327 283 380 352 370.7 477.5 29. 72 219.3 906 13 87 .89 
1940 297 384 417 541 465.1 384.6 24.30 113.6 962, 14 80.30 
1941 328 401 486 1,119 456.5 524. 7 43.10 71.21 1,108 15 72.12 
1947 467 400 264 584 415.0 447.6 61.07 247.7 1,228 21 179.2 
1948 237 408 252 411 600.4 481.9 41.34 249.0 1,245 22 198.8 
1949 369 345 215 324 421.2 588.5 70 .• 98 290.2 1,239 23 116.0 
1950 560 375 340 531 410.8 432.2 38.17 248.5 1,322 24 229.4 
1951. 355 386 316 425 507,6 501.3 41. 77 276.6 1,319 25 147.9 
1952 389 349 263 409 482.3 533.8 73.69 231.8 1,332 26 163,4 
1953 285 360 301 416 6 71,0 370.9 30.08 241.9 1,371 27 167 .2 
1954 498 305 2 79 434 291.3 462,4 52.16 266,0 1,365 28 161,1 
1955 573 482 36 7 752 444.2 468,2 46.64 231,7 1,428 29 139,2 
Y1 is the season_ average price, on a dollars per tort basis, received by pecan 
growers, deflated by the consumer price index. 
Y~ is the season average price, on a dollars per ton basis, received by waln~t 
g owers, deflated by the consumer price index. 
y5 is the season average price, on a dollars per ton basis, received by filbert 
growers, defL.ated by the consumer price index. 
y6 is the season average price, on a dol~ars per ton basis, received by almond 
growers·, deflated by the consumer price index. 
z1 is domestic production of pecans on a tons per million persons basis. 
z is domestic production of walnuts on a tons per million persons basis. 
z4 is domestic production of filberts on a tons per million persons basis. 
z5 is domestic production of almonds on a tons per million persons basis, 
z6 is actual disposable personal income, dollars per capita, deflated by con-
sZmer price index. 
Z is time, origin at 1927. 
z~ 2 is the sum of the imports or pecans, walnuts, filberts and almonds on-a 
tons per million persons basis, 
y6 ~ =121.2030 = Oo0344Zl + Oo3232Z4 + 0.6288Z5 - 3.2981Z6 + l.3547Z7 
(0.1414) (0.8349) (0.2528) (6.0046) (307245) 
.15 
-14.a709z9 - o.a516z 12 
(1.3110) (201970) 
(5.8) 
These equ~tions can be examined for consistency with theoretical ©on-
sidersi.tions. Consistent with econon1ic theory, the price of each nut is 
inversely rel~ted to its quantity. Except for the low t=ratio of the 
coefficient of z5 in equation (5o7) the coefficients of these quantity 
vari@bles are significant at the 5 percent levelo 
positive in all c~ses, ~nd the coefficients of the income v~riilbles are 
significant except in eillJ.uation (5. 7). Although time is significlilnt at the 
5 percent level in only e~uation (5,5), the t=ratio of this coefficient 
is greater than 1 in two of the other equations. The negative sign of 
z12 in e$©h e~uation is ~n indication of the competitiveness of domestic 
tree nuts and their imports. 
Demand interrelations can be explored by the examination of the sign 
of the ~uantity variable (Z 1, z4, z5 or z6) of one tree nut in the equa-
tion where the price of another tree is dependent. A negative sign indi-
cates a competitive relationship, and a positive sign indicates the tree 
nuts are complementary in demand. In these single equation estimates 
competitive relationships are evident in equations (5.5) and (5.7) where 
the sign of the coefficients of z1, z4 , z5 and z6 are negative. Comple= 
mentary relationships are indic~ted by the positive sign of the coef= 
U.cdents of z1 and z5 in equation (5 .6) and of z4 and z5 in e1u~tion (5 .8). 
The consistency of these signs $re exsimined in gre~ter detail in the com= 
p~~ison of the Hotell1~g conditions. 
(2) ~-identified estimates. 'Ehe results obtl!lined by the ~lge= 
braic tr~msformation of the single e<quation est~tes into just=identified 
t . 66 e.qu~ 1.ons are: 
z "" 1 -l.2013Y1 - 0.2289Y4 + 0.8519Y5 - 0.1385Y6 + 0.8819Z7 
- 0.1335Z 12 
- 4.6242z9 
(5.9) 
z4 "" -0.01221\ - 0.9385Y4 - l, 1378Y5 + 0.2860Y6 + 0,4545Z7 - l7.3123z9 
- o.27soz 12 (5.10) 
z5 = +o.ooo4Y 1 + o.5606Y4 - o.6765y5 + o.1189Y6 - o.2267z7 + 3.4272z9 
- o.101oz 12 (5.11) 
z6 = +O.Oll4Yl + 0.0173Y4 - o.2493Y5 - 0,2511Y6 + 0.4029Z7 - 5,5035Zg 
- 0,3033Z12 (5.12) 
When it is assumed that all that ·is produced is sold each season, it 
can be said the tree nut price structure is generated by the actions of 
buyers in purchasing tree nuts. Given this assumption, conditional eco-
nomic inferences may be made from these just-identified estimates which 
desicribe the &liver.age relationships, ceteris paribus, that prevailed 
during the time period analyzed. To illustrate.the interpretations that 
may be m.a~e, equation (5.9) is interpreted as follows: 
(1) A change of one dollar per ton in the "real" price of pecans 
was associated, on the average, with a change in the opposite 
direction of 1.20 tons of pecans purchased per million people, 
(2) A clmnge of one dollar per ton in the "real'' price of walnuts 
was associated, on the average, with a change in the opposite 
direction of .23 tons of pecans.purchased per .mil;Lio~ persons. 
(.3) A change of one dollar per ton in the. t•r~al" pri«::e of £Uberts 
was associated, on the average, with a change i_!l. the same· 
direction of .85 tons of pecans purchased per million persons. 
66The computations necessary for this transformation are presented in 
Appendix C. · 
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(4) A change of one doll.ei.r per ton in the 91real1' prii!!e of almonds 
was associated, on the average, with a change in the opposite 
direction of .14 tons of pecans purchased per million persons. 
(5) A change in the 99real" per capita disposable income of one 
dollar, on the average, was associated with a change in the 
same direction of .88 tons of pecans purchased per million 
personso 
(6) A change of one year in the time period analyzed was aa.sociated, 
on the average, with a change in the opposite direiction of4.62 
tons of pecans purchased per million persons. 
(7) A change in the sum of the imports of pecans, walnuts; filberts, 
and almonds of one ton per million' persons was associated, on 
the average, with a change in the opposite direction of .13 
tons of pecans purchased per million persons. 
Similar statements could be made for the other equation~. 
Corresponding with the.single equation estimates and !_priori expecta-
tions, the price of each tree nut is inversely related to its quantity. 
Also in agreement is the negative sign of the coefficient of z12 in the 
just-identified estimates, indicating that imports of domestic-type tree 
nuts are competitive with domestic tree nuts. One change, however, is 
noted in the coefficients on income compared ·with the single e«Jluations • 
• 
In equation (5.11) the coefficient of z7 is negative. A, priori_,, one 
. ., 
would not expect to find a negative income effect for tree nuts. An ex-
planation may be found in the single equation estimates where only in 
eiqJ,u~tion (5. 7) is the influence of income on filberts not significant.· 
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0) Conu:.1n:ison of !t,_he Hotel ling condition.;s. l'he tests 
~ppropriate to these two sets of e~uations for demand interrel~tionships 
within the tree nut industry are given in Table XIII in whi~h the single 
eqiu~tion estimsites smd the just-identified estimates are compared using 
the Hotelling conditions. A neg~tive sign for the terms of the single 
e<il\Uflltion estimates ind:!.~il.tes the commodities are competitive in demand, 
a positive sign indi~$tes t1nat they are ~omplementaty. the sign 
©riteri~ of ©Ompetitive and complementary commodities f@r the just-
id~ntified esti~tes ~re the reverse of the single e~u~tion estimates. 
A 1uestion m@rk b~fore th~ statement of the probabl~ type of relation= 
~hip @f the single e~u~tion estillMite means one or both of the terms are 
not signifi~ant at the 5 percent level, or the two terms a:re not equal 
wit.thin one st$ndu·d error. Coefficients from the just-identified estitil/sl.tes 
~$n only be judged a~©ording to sign b~c~use their stand®rd errors were not 
computed. 
From the single equation estimates, competitive relationships a:re 
indicated between peicans and filberts and between pec&!lns and almonds. 
These relationships, however, are questionable since the appropriate coef= 
fi©ients in the single e~uation estimates are not signific~nt. From the 
just=identified estimates, the indicated relationships are (1) comple-
ment~ry between pe©ans and walnuts, (2) competitive between pe©~ns and 
filberts, and 0) ©ompcetitive between walnuts <l'il.nd almonds. 
The in©onsistencies i.n the estimated dema.nd interreli@.tions, ~s weill 
~s other disagreements with theory and £Q!ior1 expectmtions, ©ould exist 
be-c~use t.he time se.ries chosen to represent the "true'0 «Jtuantity v~riables 
(refle©ting quantities of tree nuts on the market) ~re incomplete and thus 
?ABLE XIII 
OBSERVABLE CONJDllt!ONS OF RELATED DEMANDS FOR MODEL V 
(St~n~ard errors in parenthesis for single equation estimates) 
Commodities 
Pe@ans and Walnuts 
Single equ~tion estimates 
Just=identified est~tes 
Single e~u~tion estim~tes 
Just=identified estimates 
Pecans and Almonds 
Just-identified estimates 
Walnuts and Filberts 
Single equation estimates 
Just-identified estimates 
Walnuts and Almonds 
Single equ~tion estimates 
Just-identified estimates 
Filberts and Almonds 






=0.2017 = + 0,0041 ? 
(0.2250) (0.1281) 
-0.2289 = = 0.0122 Complementary 
-0.6744 = - 0.0031 
(1.4463) (0.1192) 
+0.8519 = + 0.0004 
-0.0906 = - 0.0344 
(0.3192) (0.2433) 
-0.1385 = + 0.0114 
+0.9273 ~ - 0,3704 
(l.3048) (0.1916) 
-1.1378 = + 0.5606 
-0.1500 = + 0.3232 
(0.2881) (0.3871) 
+0.2860 = + 0.0173 
-0,7042 = + 0.6288 
(0.2719) (2,4873) 













not representati.ve of the a~tu5l supply of tree nuts on the market each 
year. The time series reflecting quantity should be representative of 
the $Ctual supply sold in the domestic market each year. This time 
series would be composed of domestic production plus imports and carry-in 
minus exports and carryover. 67 In an attempt to approach more closely 
this "trueui qiuantity variable, imports of domestic-type tree nuts were 
added to the amount of production for each season. 68 the results of 
this &Mlysis are presented in Appendix D and will be referred to as 
model VI. Although the empirical results of using these other time series 
differ somewhat from those just given, the changes did not in~rease the 
acceptability of these results over the empirical results just presented 
to $ny gre~t extent. In model VI the Hotelling conditions that were 
p$rtially met and the prob~ble type of relationship are: 
( 1.) Single equation estimates: a competitive relationship for 
pec$nS and ~lmonds, although neither sign was significant. 
(2) Just-identified estimates: 
(a) A competitive relationship for pecans and walnuts. In 
the previous just-identified estimates the prob~ble 
type of rel~tionship between pecans and.w~lnuts was 
comp lemen ui.ry. 
(b) A competitive relationship for pecans and filberts 
which is consistent with the just-identified estimates 
of model V. 
671n using this quantity series the demand relationships would be 
measured at a marketing level above the grower level. 
68The other series were not available or complete for the ye~rs in= 
eluded in the analysis" 
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(c) A complementary relationship for pe~ans and almonds. 
(d) A competitive relationship for filberts $nd almonds. 
The only demand relationships that are the same in both models are the 
competitive relationship between pecans and filberts indicated in the 
just-identified esti~tes. 
(4) Comparison g£ the price elasticities. the price elastici 00 
69 ties for each of the tree nuts computed at the means are: 
(1) Single equation estimates 













"!J~he average pri~e, el$sticity for pecans, from both the single equa 00 
tion estimate and the just-identified estimates, is ·1.19, indicating an 
eb\stiic demiamd curve. When the eitJJ.uations are expressed in nstural units 
the deml8lnd elasti.icity v1.&ries at each point on the demand curve. To 
:Hlust:rc!llte this vari.mbiU.ty the demand elasticity f,,r pecans was computed 
for eaich yejr in the analysis, using the just-identified estimate of the 
slope of the deIM!.nd curve. these estimates are given in T~ble XIV. The 
©oeffi~ient of el~sticity is elastic in years of relatively low produ1Ction 
and high priices and inelastic in years of relatively high production and 
low prices. 
The coefficient of priice elasticity for walnuts is -1.80 based on 
the single equation esti:cnate, and -0.87 using the just-identified estimate. 
By one est~tion proicedure the elasticity of walnuts is elastiic, by the 
other it is inelastic. As the just=identified equations refleict the joint. 
69rhe elastkity coefficient from the single equ~t.ion estimates is 
the recip~oc~l of the computed price flexibility coeffiicient. 
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determiru!ltion of ~11 the prices it could be argued th~t the estimate of 
=0.87 is unbiased and the ~verage demand elasticity for walnuts is, con-
' 
sidering only this condition, inelastic. 
TABLE XIV 
POINT ELASTICITY FOR PECANS 
1927 =4.3463 19.35 -0.5696 1948 -0.4742 
1928 -1. 9135 1936 -2.1514 1949 -1,0524 
1929 -2.1996 19.37 -0.'7246 1950 -1,6376 
1930 -2 .1583 19.38 -1.3091 1951 -0,8401 
1931 =0,8083 1939 -1,0597 1952 -0.9689 
1932 -0,9008 1940 -0.7671 1953 -0.5102 
1933 =l.1067 1941 -0.8631 1954 -2.0537 
1934 =2.3842 1942 -1.3518 1955 -1.5499 
The coefficients of price elasticity for filberts indicate the aver~ge 
el.astkity is highly elastic. Due to the large amount of filbert imports 
one would be hesitant in accepting these high measures of price elas-
ticity for filberts. Price elasticities were also computed from model 
VI, in which imports were included with production, the single equation 
estimate of price elasticity for filberts was lowe~ than the pr~vious 
single equation estimate, but the just-identified estimate w~s greater 
than the previous just~identified estimate.70 
the coefficients of price elasticity for almonds, computed from 
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estim~tes from Model V, indic~te the average price elasticity of ~lmonds 
is inelastic. In comparison, the estimates of el~sticity from Model VI 
indi~ate the price elasticity for almonds is highly elastic. The dif= 
ference in the estimates of elasticity are probably because almond im-
ports constitute a considerable amount of the domestic supply.71 
(5) Comp~rison £t .!:!!£ cross-price flexibilities !!M! cross 
elssticities. lnconiststencies in the demand relationships were previous~ 
ly discussed in the ©omparison of the Hotelling conditions. these in= 
consistencies are also cle~rly evident in the examination of cross~price 
flexibilities and cross elasticities (table XV). 
None of the demand relationships are consistent for both the cross= 
price flexibilities and the cross elasticities, except that between pec11u.1s 
and filberts. The negative signs of the price-flexibilities and the posi= 
tive sign of the cross elasticities for pecans and filberts indicates th~t 
they are ~ompetitive in demand. 
(6) Compliilrison 2£ income elasticities. The computed income 
70the price elasticities, computed from empirical results of Model VI 
Pecans Walnuts Filberts Almonds 
{l) Single eigtuation estimates -1,2728 ... 1.4470 =5.8824 =3.2072 
(2) Just-identified estilll3lltes -1.2869 +4.9022 =10.8382 =7.7673 
These estimaites of price elasticities differ consider~bly from the pre= 
vious estimaites. Note especially the positive price el~sticity for w~l-
nuts from the just-identified estimates. This is in disagreement with 
previous results and its theoretical counterpart. 
71According to the U.S. Tariff Commission net imports were 23 percent 
of the domestic supply of almonds in the 1950=52 period. 
TABLE XV 
THE CROSS-PRICE FIEXIBILITIES AND CROSS ELASTICITIES OF DEMAND 
AMONG ALL DOMESTIC TREE NUTS 
The ~-Price Flexibilities 
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Pe:rcent~ge Ch@nge in 
the Price of: 





Percl!;1nt.ffige Chlili.nge in 









+o. 0040 +0,0650 =0,0647 
-0.0031 -0 .4115 -0,3lL37 
-o ,0273 +0,2833 +0,0359 
?he Cross Elasti(Cities 
Percentage Change irm the Pr i.ce of: 
Pec.atns Walnuts Filbe.rts Almonds 
=0,:2352 +O .8481 =0,1747 
-0.0109 -L0242 +0.3263 
+0,0055 +7 .9953 +2,0824 
+0,0254. +0.0401 -0.5599 
/ill.An example of how this table should read is: The pe:rir;ent~ge ccl:umg@ 
i.n thei price of pe~/ili.ns assor1;;i.ated with the percent'9lge chamge in igju&1.nt:!J::y 
sold off walrr1i,i,ts is -0,2259 percent. · 
Pecans Walnuts JHl\berts Almonds 
Single equation estimates +2.3228 +2.3970 +20,1245 +2,5250 
Just-identified estimates +2.4037 +1.1201 = 8.5772 +2,4764 
Acc.ording to these income e.Luticities, except for filberts, ~ chang!B of 
one percent in thie incGome level was asso~iate.d with a ch1ainge in the 
percent, The just=identifieid estimate of the inir;ome el~sticity of f:U= 
for filberts was positive; however, the rest of the income el~sticities 
were neg&tive in sign. The income elasticities were also computed from 
model Vl.72 the just-identified estimates of income elasticities from 
model VI for both walnuts and filberts were negative. As before this 
was in disagreement with!. ,e_,riori expectations. 
72the income elssticities computed from the empiric~l results of 
model VI <!jre: 
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SUMMARY AND CONCLUSIONS 
The major objective of this thesis was to investigate the demand 
relationships for pecans at the grower level. Specifically, the first 
objective was to analyze the demand relationships within the pecan 
industry between seedling and improved pecans. The study was then 
expanded to analyze the demand relationships among pecans, almonds, 
filberts and walnuts. The third objective was to compare the parametet 
esti~tes from alternative methods of estimation. 
To achieve the first two objectives several economic models of the 
demaind relationships were postulated. These models were based upon a 
fa~tual study of the tree nut industry in conjunction with an exami1™,1= 
tion of the relevant economic and statistical theory. Observations from 
time series data were then chosen to reflect the variables included in 
the models. The parameters of the models were then estimated using 
alternative techniques, First, the parameters were estimated by the 
single e1quation least squares method. The single equation estimates 
were then algebraically transformed into just-identified equations. These 
just-identified equations explicitly allowed for the simultaneous determi= 
ntlll.tion of the jointly dependent variables (endogenous variables) within 




Sum~ry ~nd Comparison of Empiricsl Results 
The Characteristics of DellV&nd of the Pecan Industry 
Four different models were used to study the demand· relationships 
between seedling and improved pec~ns at the grower level. The first was 
a single equation model in which the price of all pecans was the depend-
ent variable. The independent variables were the quantities produced 
of seedling and improved pecans, incoine, time and the domestic supply 
of all other domestically produced tree nuts. The other three models of. 
the pecan industry were two e~uation models in which the prices of seed= 
ling and improved pecans replaced the price of all pecans. The two-
equation models differ by the number of exogenous variables included. 
A competitive relationship between seedling and improved pecans was 
evident in the single equation model. In this model the supply of domes-
ti© tree nuts other th~n pecans was found to be competing with pecan 
supplies. In the single equation model, as well as the two equation 
models, impoi~ts of pecans were indicated to be complementary in demand 
for domesti© pecan supplies. This result disagreed with~ priori expe~t~-
tions. 
the demand relationships of the two equation models are SUl!1.ID.$ri~ed 
in terms of el~sticities and flexibilities for comp~rison between the 
different models. 
The price elasticities for seedling and improved pe~ans are given 
in Table XVI, All these measures indicate that the pri©e elasticity of 
dem:s.nd for the two types of pecans was elastic over the years included 
in the analysis. The elasticity coefficients for improved pe©~nsy 
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estimmted from equations expressed in natural units are of higher lllB.gni-
tude than the corresponding estimates for seedlings. This would indicate 
that buyers were more responsive to changes in the price of improved 
pecans than to changes in the price of seedlings. However, the reverse 
situation was true when the equations were expressed in logarithmic form . 
When the data were in natural units, the price elasticity estimat es from 
the just-identified equations were larger than corresponding measures 
from single equation estimates, In the logarithmic equat ions, the 
corresponding price elasticities from single equation estimates and just-
id~ntified estimmtes are quite similar in magnitude. 
TABLE XVI 
PRICE EIASTICITY FOR PECANS 
Model II Model III Mode l IV 
Natural Units 
Seedling Pecans 
Single equation estimates -2. 7293 -2.2665 -2 .3240 
Jus t• identified estimates -4 .1421 -4.0577 -4.1421 
Im,eroved Pecans 
Single equation estimates -3.4423 -3.0303 -3.0460 
Just-identified estimates -5.2023 -5. 3964 -5.4085 
Model II' Model 111° Mode l IV 0 
Logarithm 
Seedling Pecans 
Single equation estimates -3.1928 -3.1046 -3 .0817 
Just-identified estimates -3.1300 -3.0758 -3 .0647 
I meroved Pecans 
Single equation estimates -2 .1413 -1. 9904 -2. 1249 
Just-identif ied estimates -2,0989 - 1, 9715 -2 .1131 
The demand interrelat ionships between seedling ~nd improved pecacs 
were investiga ted by use of the measures of cross-price flexibility and 
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cross=elasticity (Table XVII). If the coefficient of cross-price flexi= 
bility is negative the commodities are said to be 11::ompeting in demand. If 
the sign is positive the commodities are said to be complementary in demand. 
The sign criteria of competing and complementary commodities for the coef-
fi©ients of cross elasticity are the reverse of the coefficients of cross= 
price flexibility. The intensity or degree of the demend relationship, 
~s indic~ted by either measure, varies directly with the magnitude of the 
coeffi~:i.ent. 
The signs of the cross-price flexibilities and cross elasticities of 
the e~uations in natur~l units indicate there was a competitive relation= 
ship between seed.Ung and improved pecans. The magnitudes of these 
me&i1sure.s indicaited tMt seedling prices (quantities) were more respons:i.,ve 
to clulnges in the ~uantity (price) of improved pecans th~n vi©e versa. In 
logarithmic form the signs of these measures were inconsistent, sin~e in 
one instance the commodities were apparently competing in demand, while 
in another instance they were apparently complementary. 
The income elasticities for seedling and improved pecans are given 
in Table XVIII. The just-identified estimates of the income elasticities 
fo~ seedling pecans are negative for all three models when the data were 
expressed in natural units. This is inconsistent with the single equa-
tion estimates of income elasticities and A priori expectations. The 
single equation estimates indicate improved pecans were more responsive 
to changes in the income level than were seedlings when the e~u~tions 
were line~r in the original variables. Just-identified esti~tes in 
log~rithms also indicate the greater responsiveness of improved pe~$ns 
to ch~nges in income. However, the reverse is true for the single equ~tion 
'!'ABLE XVII 
IHE CROSS-PRICE FLEXIBILITIES AND CROSS ELASTICITIES OF DEMAND 
BE'IWEEN SEEDLING AND IMPROVED PECANS/ill 
~ Cross-Price Flexibilities 
90 
Percent~ge Change 
in the Price of~ 































Percentage Change in the Price of: 
Seed ling Peca~ 














Cross=pri~e flexibi.lities ~omputed from single equ&tion esti!I!Sltes 
.ffind ccross ebistkities c.omputed from just-ident:i.fied estim9ltes. 
bAn example of how this t~ble should read is: In model II the 
percent~ge change in the pri~e of seedling pecans associ~ted with the 
percent@ge ~hange in the quantity sold of improved pe~~ns is =0,2889 
peir~ent. 
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estim~tes in log~rithmic form. these latter estim~tes indi~~te that 
seedlings were more responsive to changes in in~omeo 
TABLE XVIII 
INCOME ELAStICI'JrXES FOR PECANS 
N#t~rffe\l JLnit! 
~edliq_a Pecans 
Single e~us.Uon est:i.mates 
Just=ident:f.fied 
J[lf.::J?},O;,V~'.01, Pg0~ns 
Single fM'.)lurat:l.on estimates 
J'ust~:tdentHied ~still'l$lte.s 
J.,o_gar .M:h!Jt!i 
§eed lit}.g Pecans 
Single e1uation estimates 
Just~identified esti~tes 
,Improved Pecans 












Xh.e Deml!llnd Relati.onships Among Domestic ~ .li1!ll 
Model II:I Model IV 
+4.4761 +4,25i~3 
®L3428 -2.. 0142 
+6.9734 +6. 9'{34 
+7.7482 +8.1357 





The demand relations among domestic tree nuts we:re investigated. using 
models ©onsisting of four e,qiuations, Two models were postub,ted, the rlUil:i'Ln 
difference between the models was in the construction of the time se:r:i.es 
:reflecting ~uantities of each tree nut on the market, In model V prornu~= 
tion of e~ch tree nut was assumed to reflect the qu@ntity sold, In th~t 
model one v£1.riable represented imports of ~11 domestiit::=type tiree nuts, 
73The empirical results, in natural units, indiit::~ted ~ it::ompetitive 
relationship between each domestic tree nut and the sum of ®11 dlomesti©·~ 
type imports, This was true for both the single equations and just-
identified equations, 
In model VI production plus imports of e<!ll.d'l. domesticc tree nut were us~.d 
to reflefC.t the qu~ntities of e;?J.«::h domestk tree nut sold, A V$\I'i&llble 
represented by a time series of all tree nut imports except domestic-
type tree nut imports was used to reflect the influence of other tree 
nuts on domestic s1.les,74 
Estimate.s of price elasticities were computed using the empiri\Cal 
results from models V and VI. They are presented in table XIX. The 
(Goefficient of the price elasticity of demand for pec~ns r~nged from 
=l, 16 t.o ~1,37, 1ndiit;:11Jlti.ng that demand for pecans was eLeistfo over the 
period 1.1111Sly~ed\. The range of the estimates of the prfoe elssti~ity o.f 
dem!\nr.ll. for pecans was less than fort.he corresponding estimates of the 
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price elasti©ities of the other tree nuts. The closeness of the corresM 
p,Mding eb.stiocity estimi.tes for pecans between modeb V and v:ir: 1C;ould. be1 
exphdneid by examining the quantity of pecan imports. the :t·atio o,f 
imp():r.ts to produiction is smaller for pecans than is the reit:Lo of impo:rts 
to prodiuc.Uon for any o:f the other domestic: tree m.1u. 
A positive price elasticity for walnuts is indi~ated by the just~ 
identified estimates of model VI. This is in disagreement with its 
theoretical counterpart and the other estimates of the pri~~ elasti~ity 
of demand for walnuts. The other estimates indfoate. price ~l~stid,ty for 
walnuts was elaistic, except for the just-identified esti.ml/llte of model V 
in which the equations were linear in natural units. 
74In natural units the single equation results indic~ted th~t imports 
of other tree nuts besides domestic-type were complementary in de~nd 
with domestk consumption of almonds, filberts, pecans and walnuts. The 
just=identified results, in natural units, indicated other imports besides 
domestic-type were complementary with pecans and almonds; competitive 
with walnuts and filberts. 
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TABLE XIX 
PRICE ELASTICtrY FOR PECANS, WALNUTS, FILBERTS AND ALMONDS 
Pe cams Walnuts Filberts Almonds 
Na tu.r!91. l Uni ts 
Single equation estimates 
Model V -1.1875 -1.8025 -23.0415 -0.8626 
Model Vl -1.2728 -1.4470 - 5.8824 -3.2072 
~ identified estimates 
Model V -1.1863 -0.8719 = 9.3483 -0.7144 
Model VI -1.2869 +4.9022 -10.8382 -7.7673 
Lo3!!rithm 
Single egu~tion estimates 
Model V 0 -1.1598 -2.2432 -20.3666 =l.6090 
Model VI 1 -1.1790 -1.4712 - 5.5127 -3.6206 
Just identified estimates 
Model V 0 -1.3671 -5 • .3853 -29.2622 -0.4409 
Model VI 0 -1.1560 +3.7192 - 8.6724 -8.1295 
The estimates indi©ate a highly elastic demand for filberts, espe©i-
~lly the results from model V. Since a large amount of the domesti© 
filbert supply is comprised of imports, the inclusion of imports in the 
qu~ntity variable would be expected to lower the price elasticity. 
Except for the just-identified estimate from model VI in natural units, 
this held true. 
The estimates of price elasticity from model Vin natural units 
indicate the demand for almonds was inelastic. Except for the just-
identified estimate of model v' in logarithms the other estimates indi·· 
cste the demsnd for almonds was elastic. 
The cross=price flexibilities and cross el~stkitit11Js of dei:n.mnd lalmong 
~11 domestic tree nuts are shown in Table XX. These two me~sures of 
demand relationships are constructed by using the cross=demand parameters 
from the single equations and the just-identified equations. However, in 
TABLE XX 
THE CROSS-PRICE FLEXIBILITIES AND CROSS ELASTICITIES OF DEMAND AMONG ALL DOMESTIC TREE NUTS 
Percentage change 



























The ~-Price Flexibilities 
Percent&tge change in the quantity of: 
Pecans Walnuts Filberts 
Model V Model VI Model V Model VI Model V Model VI 
-0.2259 -0.3534 -0.0492 +0.0591 
-0.3467 -0.4283 +0.0560 +0.0336 
+0.0040 +0.0197 - - +0.0650 +0.2000 
-0.0033 +0.0275 - - -0.0330 +0.1644 
-0.0031 -0.0253 -0.4115 -0.4793 - -
+0.0528 -0.0305 -0.4623 -0.4754 - -
-0.0273 -0.0128 +0.2833 +0.5010 +0.0359 -0.6524 
-0.0049 -0.1293 +0.0585 +0.1083 +0.1007 -0.6263 
The~ Elasticities 
Percentage change in the price of: 
Pecans Walnuts Filberts 
Model V Model VI Model V Model VI Model V Model VI 
-0.2352 +0.0350 +0.8481 +0.6192 
+4.3193 -0.3073 -3.0528 +1.3588 
-0.0109 +0.2686 - - "".1.0242 -6.0940 
+0.1959 -0.0823 - - +2.8196 -6.6852 
+0.0055 +0.5397 +7. 9953 +10.5626 - -
-1.9593 +0.1227 +32.8600 +6.4023 - -
+0.0254 -0.6446 +0.0401 -14.2192 -0.5599 +12.8544 
-0.2880 +0.2305 +4. 7810 -12.9151 "'.'4.4497 .. ·. +16.4076 
Almonds 


















ti.cQln estim-e!tes signific<ll!nt at the 5 percent level, <1Jlcicording to the t=test. 
!his rBtise.s the question of the validity of the cross=prirce flexibilities 
®S m~-e!sures of competitive relationships, In turn, since the cross= 
demand me~sures of the just-identified equations are b~sed upon estilU!il1tes 
from the single equ~tions, the iqiuestion is raised ~s to the v~lid:tty of 
the m~~sures of r:ross elasticity. However, these me.&.sures .are examined. 
foir the ind:k&l!ted demand relationship and for consistency of sign. 75 
From model V, the co~fficients that were consistent ~ccording to 
(1) In ~tural units: Pecans and filberts - competitive 
(a) Pecans and walnuts - competitive 
(b) Pe~ans and filberts - complementary 
(c) Filbe.rts -1nd walnuts - competitive 
'Ehe only demand relationship that was consistent in both !.'Mlttural 
units and in l.ogs.rithm,s was between pecans and f ilbe,:rts. 'lr.he indi~~t~.d 
type of rtll.emand :relation.ship, however, was reversed in the tw© fun{~tiorrisl 
forms of the equations. 
In model VI the only d.em,emd relationship that was {:Onsi,st(')>.n\t i.n te.:rms 
of the cross~·p:rice flexibility and cross elasti,r.:ity was the inio\k,ill.ted 
competitive :rel:ationship between almonds and filberts. 
75The H(Qltelling conditions were used to test the icross-d.em11md p<!:!,:r~~ 
meiters, The results of this test of consumer rationality w~s, in most 
cases, not conclusive, However, the Hotelling conditions ~~e conditions 
for consumer behavior ~nd therefore lllltiY not be reflected ~t the pri~ry 
level of the marketing process. 
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The income elasticities for the domestic tree nuts ~re presented in 
T~ble XXI. In general, the single equation estimates are more acceptable 
on an.! priori basis than the just-identified estimates in reg~rd to both 
IDJlil.gnitude and sign. The positive income elasticities for all the tree 
nuts are greater than 1,0, indicating that a change in consumer income was 
~ssociated with a greater percentage change in the same direction in tree 
nut consumption. 
TABLE XXI 
INCOME EIAS'rllCl'l'IES FOR PECANS, WALNUTS, FILBERTS AND ALMONDS 
Natural l!Jni ts 







Single eguation estimstes 
Model V 0 
Model Vl 0 
Just-identified estimates 
~del V 0 
Model VI 0 























+ 5.6802 + 2.7817 
+ 5 • 0121 + 9 0 64 77 
-32.1487 - 1.9621 
- 6.6125 +21,3098 
'l'he r(:Oefficients of income elasticity for pecans estimated from 
alternative models and by different techniques are more consistent in 
IDllltgnitude than are the coefficients for the other nuts. Except for the 
negative income coefficient for seedling pecans in model v, the estimates 
of income elasticities for pecans range from +1,57 to +2.40. The negativ® 
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sign of the just=identified estimate of model V, of course, is in dis-
agreement with the other coefficients and its theoretic~l counterp~rto 
The coefficients of income elasticity for walnuts from model V are 
positive. Negative income elasticities are indicated in the just-
identified estimates of model VI. All the negative estimates for each 
tree nut occur in the just-identified estimates. 
The V$rious estimates of the income elasticity for filberts are 
quite contr$dictory in regard to both sign and magnitudeo Unlike the 
other coefficients, all of the just-identified esti~tes of income 
elasticity ~re neg~tive. 
In g~neral, the estimated parameters for pecans were more ~ccept-
~ble b~sed on!. priori expectations, logical consistencies, and statis-
U©<!lll tests than were the estimated parameters for the other domestic 
tree nuts. Tb.ere are several possible explanations for the more "accept-
.!llble" results in the c.mse of pecans: 
(1) Foreign trade in pecans is relatively unimportant, 
(2) there are no quantity controls in pecan marketing such as 
those imposed in the marketings of the other domestic tree 
nuts, and 
(3) The amount of storage at the grower leve176 is probably 
smaller i.n pecims than the other nuts. 
The marketing of pecans is also the least organized of all the domesti~ 
tree nuts; hence, it would be expected that the supply ~nd demand forces 
76Above the grower level of the marketing process, pec:~n storage 
is prob~bly ~uite considerable. 
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in operation at other levels of the marketing system would be more 
re~dily and accurately reflected back to the grower level for pecans than 
in the case of other tree nuts. 
! Comparison Between ~ Estimates i£r ill Pecans and ill. Estimates 12£. 
Seedling and Improved Pecans 
Economic theory suggests that commodities which have good substi~ 
tut~s tend to have higher price elasticities, Seedling and improved 
pecans can substitute for each other at least to a greater degree than 
other ©ommodities can substitute for all pecans as a group. It would 
therefore be expected for seedling and improved pecans to h~ve higher 
coefficients of price elasticity than all pecans, This expectation is 
realized since the estimated price elasticities for seedling and improved 
pel(":ans are of larger magnitude than the estimated price elasticities for 
all pecans (See Tables XVI and XIX). 
The income elasticities computed from the two equation models for 
seedling and improved pecans are consistent with the income elasticities 
for all pecans computed from the four equation models. The. positive 
income elasticities for seedling and improved pecans (Table XVIII) are 
greater in magnitude than· the positive income elasticities for all 
pe©ans (Table XXI). This is logically consistent since, for~ given 
·in@ome elasticity for all pecans, the quantity of either seedling or 
improved pe@ans would have to increase percentage wise to a gre~ter 
extent in response to a given percentage increase in in~ome than would the 
~uantity of all pecans. Only in this way would the absolute increase in 
~uantities of seedling snd improved pecans be equal to the absolute 
increase in the quantity of all pecans. 
\ 
Implications from This Study and Suggestions for Future Research 
The inconclusiveness of the empirical results of the demand inter-
relationships among domestic: tree nuts, as well as the other relation-
ships that were not adequately described, could be a result of the 
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choice of models, the time series used to reflect the included variables, 
or a combination of both factors. However, the implications that arise 
from the consideration of these results should be useful in future research 
of the demand relationships among domestic tree nuts and in studies of 
other agricultural crops which have economic: cha:r.acterist:!..c:s simil1u to 
the domestic tree nut industry. 
the empirical results of this study might be improved if additional 
or more a~e~uate time series data were available. This would include data 
on .storage of tree nuts, tree nuts not harvested, or tree nuts diverted to 
non-commercial outlets by marketing order and agreement programs, To 
further understand the demand relationships an attempt might be made to 
analyze the demand relationships between each tree nut and the quantity 
of its imports and imports of other tree nuts. 
!he point in time or the time period in terms of which individual 
observations of the data were defined should also be considered. The 
use of aggregate data for the entire crop season may llUi!Sk demand relation-
ships taking place during the season, If, in fact, the de~nd interrela= 
tionships are of a short-term, intraseasonal nature, they might be.more 
definitely exposed by the use of time series on a monthly or ~uarterly 
b~sis. Another possible hypothesis is that the demand interrelationships 
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~re a result of changes from year-to-year in the price~quantity variables, 
as contrasted to changes from the mean of a long-term series. If this 
were true, the empirical results may be more consistent if first differ-
ences of series were used instead of actual data. 
Another possibility for the inadequacies in the results is t~t tree 
nuts ImilY be related in demand at wholesale level rather than at the 
grower level, For example, large purchasers of tree nuts, such as, con-
fectioners, bakers and nut salters may be highly influential in deter-
ming the demand structure for tree nuts. The results of their ~ctions 
or the ~©tions of consumers may not be adequately reflected ba@k to the 
grower level because of market imperfections. These hypotheses could 
be tested by an analysis of the demand relationships at marketing levels 
above the grower level,77 Studies at other levels of the marketing 
system would also contribute to an understanding of the e©onomics of the 
tree nut industry, especially when used and compared with a demand 
study at the grower level. 
77In studies above the grower level, the demand relationships among 
tree nuts in-shell and shelled form should be considered. 
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APPENDIX TABLE A-I 
SEASON AVERAGE PRICE RECEIVED BY GROWERS, PER CAPITA DISPOSABLE 
'PERSONAL INCOME, AND THE CONSUMER'·PRICE INDEX, 
UNITED STATES, 1920·55 
Per _Capita 
All Seedlin~ Improved Disposable Consumer 
Pecansb Pecans Pecansb Almoncisc Filbertse Walnutse Personal Price 
Year Income Index 
2 3 4 6 7 8 
cents per pound dollars per ton dollars ( 1947-49 
a 100 
1920 25,7 a a 360 d 400 654 85,7 
1920 17.6 320 400 50a 76,4 
1922 26,5 18,7 44,5 290 360 541 71.6 
1923 19.3 14, l 42,5 260 400 616 72,9 
1924 23.4 18.6 43,8 300 460 610 73.1 
1925 22,1 17,3 37,6 400 441 636 75,0 
1926 15,6 11.8 32,5 300 481 651 76.6 
1927 20.6 15,4 35,4 320 320 331 645 74,2 
1928 16.6 12.0 29.6 340 380 421 653 73,3 
1929 14. 7 11.4 31, 7 480 300 321 682 73,3 
1930 14,9 l0,8 27,7 200 340 410 604 71,4 
1931 7,8 5,8 13. 9 176 250 223 515 65,0 
1932 6,0 4.4 13.5 165 202 179 390 58 .4 
1933 8,0 6.0 13.0 186 297 224 364 55,J 
1934 12.6 11.0 15 ,5 180 202 191 411 57,2. 
1935 6,8 5,0 12.4 280 263 203 459 58,7 
1936 12,4 9.6 14,7 402 270 217 517 59,3 
1937 7..7 5,8 10,9 275 217 181 551 61.4 
1938 9.4 7.2 11.8 258 225 221 506 60,3 
1939 9,7 7,8 12,2 209 226 168 538 59,4 
1940 8,9 6.9 12.8 324 250 230 576 59,9 
1941 10,3 8,5 12,8 704 306 252 697 62.9 
1942 17.1 14.6 18.9 442 352 307 871 69,7 
1943 23,0 19,0 28,5 732 499 478 977 74,0 
1944 2_1.5 16.9 27,7 744 540 446 1,060 75.2 
1945 23,8 20.0 29,2 720 551 509 1,075 76,3 
1946 33,7 28,8 40,2 486 384 555 1,126 83,4 
1947 22,3 18,3 29,4 558 252 382 1,173 95,5 
1948 12.2 10,0 15,2 422 259 419 1,280 102.8 
1949 18,8 17,0 21.8 330 219 351 1,261 101.8 
1950 28,8 25,7 31,8 546 350 385 1,359 102.8 
1951 19,7 17 ,2 21.7 472 351 429 1,464 111.0 
1952 22,1 18,8 25,2 464 298 396 1,512 · 113,5 
1953 16,3 14,7 17.8 476 344 412 1,568 114.4 
1954 28,6 25,2 32,7 498 ,320 350 1,567 114,8 
1955 32,8 29,6 40.9 861 420 552 1,635 114 ,5 
8 Data prior to 1922 not available, 
(, 
bDecember 1 price 1920-1936, For all methods. of sale, United States prices computed by weighting State 
prices by quantities sold, 
cFor all methods of sale, 
dData prior to 1927 not available, 
8Equivalent returns for bulk nut• at. first delivery point, United States price computed by weighting 
State prices by quantities sold, 
Sources of Data: 
Col, 1: 1920•.33, p. 12 
Col, 21 1922·43, p, 25 
Col, 3: 1922·43, p. 25 
Col, 41 1920•.33, p, ll 
Col, 5: 1927·33, p, 10 
Col, 6: 1920·33, p, 7 
Col. l: 1934·55, p, 12 
Col, a, 1944·55', p, 13 
Col, 3: 1944·55, p, 12 
Col, 4: 1934·55, p, 2 
Col, 5: 1934-55, p. 5 
Col, 6: 1934-55, p, 3 
Col. 7, 1920-55, p. 55 
Col, 8: 1920-55, p, 55 
United Stat•• Department of Agriculture, Bureau of Agricultural Economic•, 
~ !!.!!.£!, As!!!i!, rroduetj.on, f!!!!l Diopolition, l!!l!!!,, !!!!! Utilization 
9£ §11!!, ~,(Waehinaton, D,C,, October, 1947), 
United States Department of Agriculture, Agricultural Marketing Service, 
I!!.!~ !!1. St;atu, ill2..:i5., Ravj.Hd Estimatu, Statisticd Bulletin 
No, 195,(Waahington, D,C,, October, 1956). 
United States Department of Agriculture, Agricultural Marketing Service, 
Supplement w_ ~ ,l;,!?. Consumption -2.£ !.22!'!. !!'.! the United .§il.ill, 1909-52, 
Agricultural Handbook No, 62,(Washington, o·.c,, September, 1957), 
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APPENDIX TABLE A-II 
DOMESTIC PRODUCTION OF TREE NUTS AND UNITED STATES POPUIATION 
1920-55 
All Seedling Improved Total Population 
Pecans Pecans Pecans Almonds Filbertsa Walnuts as of July l 
Year 2 3 4 5 6 7 
000 Pounds Tonsb Million 
1920 10,375 8,077 2,298 6,000 22,950 106,5 
1921 48,155 40,391 7,764 6,200 23,350 108,5 
1922 11,355 7,907 3,448 9,000 29,400 110, l 
1923 58,030 47,516 10,514 11,000 26,950 112,0 
1924 37,998 30,848 7,150 8,000 24,650 114, l 
1925 52,463 40;147 12,316 7,500 36,550 115,8 
1926 95,861 78,326 17,535 '16,000 16,200 'U7,4 
1927 36,504 26,964 9,540 12,000 60 52,100 119.0 
1928 68,550 50,545 18,005 14,000 200 27,400 120,5 
1929 53,340 44,501 8,839 4,700 200 43;400 121,8 
1930 57,135 43,260 13,875 13,500 300 30,300 123.l 
1931 88,463 66,461 22,002 14,800 420 34,200 124,0 
1932 68,234 56,421 11,813 14,000 490 49,100 124,8 
1933 78,812 55,871 22,941 12,900 1,070 34,000 125,6 
1934 56,172 36,704 19,468 12,000 . 1,210 47,100 126.4 
1935 124,485 95,021 29,464 12,700 1,240 57,400 127.2 
1936 59,787 27,530 32,257 10,700 2.,100 45,800 128. l 
1937 107,190 67,164 40.026 24,600 2,570 62,400 128,8 
1938 74,323 39,032 35,291 18,400 2,440 55,300 i29,8 
1939 97,060 56,116 40,944 28,700 3,890 62,500 130,9 
1940 122,884 80,758 42,126 15,000 3,210 50,800 132.1 
1941 121,781 70,329 51,452 9,500 5,750 70,000 133.4 
1942 77,374 31,991 45,383 31,500 4,170 58,250 134,9 
1943 133,042 75,869 57,173. 20,500 6,930 63,600 136,7 
1944 142,104 80,916 61,188 31,700 6,420 71,500 138,4 
1945 138,854 79,618 59,236 32,000 5,320 70,700 139.9 
1946 76,225 42,733 33,492 47,200 8,450 71,900 141.4 
1947 119,602 74,409 45,193 35,700 8,800 64,500 144.1 
1948 176,043 98,511 77,532 36,500 6,060 70,650 146.6 
1949 125,690 75,585 50,105 43,300 10,590 87,800 149.2 
1950 124,630 61,842 62,788 37,700 5,790 64,200 151. 7 
1951 156,735 68,135 88,600 42,700 6,450 77,400 154,4 
1952 151,436 71,866 79,570 36,400 11,570 83,800 157.0 
1953 214,170 107,955 106,215 38,600 4,800 59,200 159,6 
1954 94,600 50,aoo 43,800 4;3,200. 8,470 75,100 162.4 
1955 146,860 104,460 42,400 38,300 7,710 77,400 165.3 
. aData prior to 1927 not available. 
bincludes only quantities harvested, 
Sources of Data: 
Col. l: 1920-33, P• 12 United States Department of Agriculture, Bureau of Agricultural 
Col, 2: 1920-33, p. 12 . Economics, I£ll .l:!!l.t!!., ~, h.99.!!ction, Farm Disposition, Value, 
Col, 3: 1920-33, P• 12 !.!!!!. Utilization 2£. Sales, 1909-45,(Washington, D,c,, October, 1947),. 
Col, 4: 1920-33, p. ll 
Col. 5: 1927-33, p, 10 
Col, 6: 1920-33, p, 7 
Col, 1: 1934-55, p. 12 United States Department of Agriculture, Agricultural Marketing 
Col. 2: 1934·55, P• 13 Service, ~ !!!!t!. ll States, 1949-55, Revised Estimates, Statistical 
Col. 3• 1934-55, P• 13 Bulletin No, 195,(Washington! D.C., October, 1956). 
Col, 4: 1934-55, p. 2 
Col, 5: 1934-55, p. 5 
Col, 6: 1934-55, p. 3 
Col, 7: 1920-55, P• 55 United States Department of Agriculture, Agricultural Marketing 
Service, Supplement ££!_ .!22Q !!! Consumption .2! Fo.od .1!! 12£ ·~. 
~. 1909•52, Agricultural Handbook No. 62,(Washington, D,C,, 
September, 1957), 
APPENDIX TABLE A-Ill 
FOREI.GN TIIADE--TREE NUTS, IN-SHELL BASIS, 1920-55a 
Pecans b Almondsd Filbertsf · Walnutsg 
Imports of: 
Year 
Imports ExportsC Imports ExportsC Imports _ExportsC Imports Ex~ortsc Domestic- All Tree Column 10 type Tree Nut Minus 
Nuts Im2orts Column 9 
2 4 6 8 9 10 ll. 
TOns Tons Tons Tons Tons Tons Tons 
1920 1,098 · 13,898 12,672 18,926 46,594 85,000 38,406 
1921 . 541 8,177 · ll,745 41,865 62,328 133,000 70,672 
1922 1,234 5,686 14,383 30,908 52,211 119,000 66,789 
1923 392 4,978 15,356 31,453 52,179 124,500 72,321 
1924 1,359 17,927 ll,136 43,588 74,010. 123,500 49,490 
1925 506 19,069 9,847 37,725 67,147' 111,500 44,353 
1926 560 5,122· 13,358 37,818 56,858 110,500 53,642 
1927 130 2,510· 12,948 24,215 39,803 83,000 43,197 
'1928 270 2,292. 12,290 29,158 44,010 104,000 59,990 
1929 366 33,258 7,877 24,073 65,574 91,500 . 25,926 
1930 252 22,108 7,931 21,204 51,495 93,000 41,505 
1931 230 13,898 5,797 15,521 35,446 91,000 55,554 
1932 12 8,177 6,570 8,044 22,803 63,000 40,197 
1933 356 5,686 3,525 6,762 16,329 71,000 54,671 
1934 518 4,978 3,544 6,288 15,328 82,000 66,672 
1935 350 182 17,927 3,993 5,108 6,049 27,378 107,000 79,622 
1936 61 903 19,069 4,798 · 5,926 6,160 29,854 118,500 88,646 
1937 232 1,307 5,122 2,278 5,643 5,192 13,275 98,500 85,225 
1938 193 1,927 2,510 2,221 4,638 6,353 9,562 105,500 95,938 
1939 282 1,244 2,292 3,493 5,438 4,347 11,505 99,500 87,995 
1940 179 506 3,309 1,672 5,447 1,948 10,607 123,000 112,393 
1941 2 282 6,205 92 3,322 2,006 9,621 103,000 93,379 
1942 4 38 1,686 66 302 1,360 2,058 32,000 29,942 
1943 .419 603 18,878 82 1,173 · 215 2 1,174 20,472 38,500 18,028 
1944 216 1,977 37,580 148 8,072 249 26 1,990 45,894 91,500 45,606 
1945 425 2,104 30,468 160 11,089 158 455 3,502 42,437 119,500 77,063 
1946 330 1,.501 15,082 552 13,451 232 997 2,826 29,860 125,500 95,640 
1947 692 300 19,742 378 4,672 522 715 2,707 25,821 122,500 96,679 
1948 238 826 17,176 103 8,641 195 3,088 1,378 29,143 147,000 117,857 
1949 143 1,704 2,431 210 7,226 235 7,514 2,064 17,314 142,500 125,186 
1950 698 881 20,874 110 5,501 339 7,730 1,911 34,803 186,500 151,697 
1951 778 909 6,o6o 876 7,837 359 8,168 1,499 22,843 147,000 124,157 
1952 497 1,149 11,272 2,594 5,862 487 8,030 1,628 25,661 156,000 130,339 
1953 308 1,487 11,540 6,799 6,147 250 8,683 1,680 26,61'8 163,500 136,822 
1954 442 1,430 2,206 8,624e 7,711 95oe. 15,803 5,147 26,162 195,500 169,338 




Appendix Table A-III (Continued) 
"year beginning July l of year indicated, except for imports offl.lberts which are on a calendar year basis for the years 1920-26. 
bExports of shelled nuts converted to in-the-shell basis at ratio of 1 to 2.5. Imports of shelled'nuts prior to January 1949 were converted 
at ratio of l .to 2.63, thereafter l to 2.78. · · 
cNot separately classified prior to.date given. 
dShelled converted to in-the-shell basis at ratio of 1 to 3.33. 
ePreliminary 
f . 
Shelled converted to in-the-shell basis at ratio of 1 to 2.22. 
!!Shelled converted i:o in-the-shell basis at ratio of 1 1:0 2.38. 
hincludes almonds, filberts, pecans, walnuts, brazil nuts, pignolia, .Pistachio, ch~stnuts~ cashews, and miscellaneous; excludes cocoanuts. 
Sources of Data: 
Col. 1: 1920-38, p. 329 
Col. 2: .. 1935-38, p. 329 
Col. 3: 1920-38, p. 327 
Col. '5:. 1927-38, p. 328 
Col. 7: 1920-38, p. 331 
Col. 8: 1935-38, p. 331 
Col. 1: 1939-55, p. 257 
Col. 2: 1939-55, p. 257 
·col. 3: 1939-55, p. 255 
Col. 5: , 1939·55, p. 255 
Col. 7: 1939~55, p. 257 
.Col. 8: 1939-55, p. 257 
Col. 10: 1939-55, p. 254 
Col. 10: 1920-38, ··p. 234 
Col. 4: 1943-54, p. 130 
Col. 6: 1943-54, p. 133 
Col. 5: 1920 p. 545 
Col. 5: 1921-:26, p. 487 
United S1:ates Department of Agriculture, Agricultural Statistics, 1952, (Washington, 1952). 
United States Department of Agriculture, Agricultural Statistics, 122.§... (Washington, 1957). 
United States Department of Agriculture, FAS,~~ Farm~ in Foreign~, Statistical 
Bulletin No. 112, ·(Washington, 1953). 
United States Department of Agriculture, FAS, Foreign Agricultural Trade, Statistical Handbook No. 179, 
United States.Department of Comnerce, Bureau of_Foreign and Domestic Commerce, Foreign~ and 
Navigation of the United States for the calendar Year 1920, (Washington, 1921). ~· 
United States Department of COl!lll!erce, Bureau of Foreign and Domestic COl!lll!erce, Foreign~~ 





, THE LOGARITHM FORM OF THE· EqllATIONS IN CHAPTER IV* 
~· 
Y1 = -4.1566 - o,3082z2 - o.2154z3 + 1.8234z7 - o.o083Z8 - o.517oz10 + o,0663Z11 
(3,2325) (l,9442) (4.4565) (2,0954) (l,6310) (2.4563) 
R2 ·= • 7914 
Model II' 
Y2 = -4.5228 - o,3132z2 - o,2263Z3 + l.896oz7 - o.0059z8 - 0;5053Z10 + o.0702z11 
(2,8437) (l,7688) (4.0119) (1,2905) (l,3803) (2.2536) 
R2 • .7475 
Y3 • -3 .• 7448 + o,0131z2 ~ 0,4670Z3 + l,7405Z7 • O,Ol26Z8 • 0,4089Zl0 + 0,05,lZll 
(0,1592) (4,8988) (4,9431) (3,6915) (l.4991) (2,4998) 
R2 •, ,8995 
z2 • -3.i3oOY2 + 1.5168Y3 + 3,2943Z7 + o.ooo6Z8 - o,9614z10 + o,1318z 11 
Model III' 
Y2 • •4, 7179 • 0,3221Z2 • 0,2692Z) + l,9308Z7 • 0,0056Z8 • 0,3806Z10 
(2,6971) (l.9611) (3,7674) (l,1297) (0.9692) 
R2 • ,6892 
Y3 • -3,9061 + o.0057Z2 - o.5024Z3 + 1,7693Z7 • o,0123z8 - o.305sz10 
(0,0628) (4,8095) (4,5365) (3,2670) (l.0234) 
R2 • ,8709 . 
Za • -3.075BY2 + l,6480Y3 + 3,0229Z7 + 0,0031Z8 • o,6666Zl0 
'M9del lY' 
Ye • ·3,6971 • 0,3245Ze • Q,2295Z3 + 1.5657Z7 • 0,0045Za 
(2,7210) (1,75'39) (4,5112) (0,9408) 
R2 • ,6765' 
Y3 • -3,0858 + 0,0038Za • 0,4706Z3 + l,4759Z7 • O.Oll5Z8 
(0,0416) (4,7145) (5,5754) (3,1152) 
Ra• ;8650 
"" 
(4.2 1 ) 
(4,5') 
(4.6 1 ) 
. (4,7') 
(4.8 1 ) 
(4.9 1 ) 
(4,10 1 ) 
(4,11 1 ) 
(4,12 1 ) 
(4,13 1 ) 
(4,14 1 ) 
(4.15') 
(4,16 1 ) 
* '' ' '' The prime to the r1aht of the equation n11111ber ind1cat•• th• variabl11 (except for th• 
variable t:lme) ara axpraued :l.n tha form of logarithm&, The numbara c,f theH equation& corrupond 
to the numben in the text, 
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Appe·nc11x B (Continued) 
THE LOGARITHM.FORM OF THE EQUATIONS IN CHAPTER V 
~· 
yl = +1.6903 - 0,8622Zl - 0,3467Z4 + o.056oz5 + 0,0038Z6 + l,3535Z7. 0,0022Z9 - 0,0617Z12· (5,5') 
(5,8223) (1,6600) (0.6869) (0.0343) (3,3341) (0,3110) (0,5295) 
R2 • ,7800 
Y4 • +l,3813 • 0,0033Z1 • 0.'4458Z4 • 0,0330Z5 • 0,0632Z6 + 0,9109Z7 • 0,0054Z9 • 0,0485z12 (5,6') 
(0.0272) (2,6481) (0,5025) (0,7003) (2,7834) (0,9382) (0,5158) 
R2 • ,6087 
Y5 • +3.8335 + 0,0528Zl - 0,4623Z4• • 0,0491Z5 • 0,2313Z6 + 0,2789Z7 • 0,0028Z9 • 0,1970Zl2 (5,7') 
· (0,3979) (2,4703) · (0.6719) . (2,3042) . (0,7665) (0,4315) (l,8859) 
. R2 • ·,7270 
Y6 = -0,9403 - o.0049z1 + o,05s5z4 + o.1007z5 - o.621sz6 + 1.72s8z7 - o.0096z9 - o.1635z12 (5,8') 
(0,0263) (0,2205) (0,9731) (4,3692) (3,3536) (l,0483) (l,1051) 
R2 .. ,7208 
Z5 " -l.9593Yl + 32,860oY4 • 29,2622Y5 + 7,5362Y6 - 32,1487Z7 + o.165oz9 ~ 3,0597Z12 
z6 " •0,2880Y1 + 4,7810Y4 • 4,4497Y5 • 0,4409Y6 • l,962lz7 + 0,0088Z9 • 0,7346z 12 
(5,9 1 ) 
(5,10 1 ) 




COMPUTATION OF JUST-IDENTIFIED ESTIMATES FROM THE REDUCED FORM ESTIMATES 
1, The equations,(5,5) to (5,8), in matrix form are: 
P1 = BQ 1 + CZ' 
where 



























-0.09064799 '] -o .14998073 
-0,70418067 
-3,2981334 [ii] 




4, Step 3, Equations (C,3) are the just-identified equations,(5,9) to (5,12), and by re-
arranging terms can be written as: 
Q' = s·lp, - s"1cz• 
where 
, .. [!l] [ "'·""'"' -0.22889219 +0.85188262 . •0,13'45'55] [~] s ·lp, = -0.01216155 -0,93851986 •l,13784257 +0,28595237 +0,00037757 +o. 56055544 -0.67646263 +o .11892808 ' +0,01141648 +0.01730914 -0.24934883 -0.25106452 
[ "·"""" -4,62420133 -,,.,_.,] [l!,] and s" 1cz• = +0,45454213 -17. 31227620 -0,27801931 -0,22669643 +3,42715118 -0.10102419 
+0.40285256 -5,50350163 •0,30330458 
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APPENDIX D 
· MODEL IV••A VARIATION OF MODEL III 
* Single Equation Estimates.!!!~~ 
yl = +9,2184. O,l970Zl. o,0677z4 + 0,08llZ5. 0,0310Z6 + o,03067Z7. 0,4039Z9 + 0.0428Zl3 (D,l) 
(6,0116) (l,2984) (0,5064) (0,6169) · (4,2555) (l.6418) (l. 7210) 
a2 = ,8071 
Y4 = +14.6131 + o.005iz.t - o.1369z4 + o,2837z5 - o,o642z6 +- o_,0259z7 - o.7176z9 + o,0047z13 (D,2) 
(0,1706) (2,8620) (l,9379) (l,3934) (3,9320) (3,1803) (0.2067) 
. R2 • ,6522 
Y5 a +23,4797 ~ 0,0064z1 · 0,0926Z4 · 0,2352z5 · O.ll42z6 + o:0215z7 • 0,6637Zg + 0,00B4z13 (D,3) 
(0,2211) (2.0142) (l.6714) (2,5764) <3;3952) (3,0598) (0.3818) 
R2 • ,7720 
Y6 = ·21.5011 • 0.0041Zi + 0,l226z4 • l.1432Z5 • 0,1546z6 + 0,0654Z7 • l,3575z9 + 0,0692z 13 (D,4) 
(0.0478) (0.8971) (2,7329) (l.1739) (3,4658) (2.1053) (l.0621) 
R2 • ,5365 
·.--
.:l!!.J!!·identified Estimates .!!! ~ ~ 
(D,5) 
(D.6) 
z 5 • +0.3934Y 1 + 7,4458Y4 • 71,8339Y5 + 2,6l25Y6 • 0,2073Z7 + 3,8487Zg • O.l672Z 13 (D,7) 
z6 = -l.6604Yl ·_35,4241Y4 + 32,8338Y5 • l5,6631Y6 + 1.2a65z7 • 25,5597Zg + l.0477Z13 (D,8) '. 
MODEL VI 1 
·s1ngle Equation Estimates iJ!.Logaritluns (except !5!! &9 , .ll!!!!)** 
Yl • •0.9506 • 0.8482Z1 • 0,4283Z4 + 0,0336z 5 • 0,0865z6 + l,45l2Z7 • 0,0037Zg + 0.~067Z13 (D,1 1 ) 
(5, 7122) (l ,5133) (0.2368) (0.6530) (3,3510) (O. 7018) ( l, 1153) 
a2 = ,1948 
Y4. •0,3488 + o,0275zl - o.6797Z4 + o.~644Z5 - 0,1923Z6 + 1.1536z7 - O,OlOlZg - 0.1196Zl3 (D,2 1 ) 
(0.2260) (2,9333) (1.4170) (l,7729) (3,2534) (2,3027) . (0,7880) 
R2 • ,6251 , 
*including the year 1942 for _equations (D,l) through (D,8), 
** . 
Excluding the years 1942 for equations (D,1 1 ) through D,8 1 ), 
110 
111 
Appendix D (Continued) 
Y5 = +0,2435 - o,0305z1 - o,4754Z4 - o.1s14z5 - o.2261z6 + o,9092z7 - o.0126z9, + 0.02302 13 (D,3') 
(0.2238) (1.8303) (l.3948) (l.8594) (2,2876) (2,5641) (0.1353) 
R2 = ,7337 
y6 = -5,1437 - 0,1293Zi + 0,1083Z4 - 0,626325 · 0,2762Z6 + 2,664727 • 0,013529 • 0,0595z13 (D,4 1 ) 
(0,5320) (0,2338) (2,7012) (l.2741) (3,7604) (1.5517) (0.1961) 
R2 = ,5681 
J.!!!!_·identified Estimates in Logarithms (except !2£ ~, ~) 





APPENDIX TABLE D~l 
ACTUAL SERIBS USED IN MODEL IV 
Year . yl Y4 y5 y6 Z' l Z' 4 
zi 
5 
Z' 6 z7 z9 213 
1927 27.76 22,30 21,56 21.56 30.89 128.30 21.86 24.39 869 l 72.61 
1928 22.65 28,72 25,92 23.19 57,58 94.26 20.82 27.15 891 2 99.59 
1929 20.05 21.90 20.46 32,74 44.39 110,8 13,26 62,33 930 3 42.61 
1930 20.87 28.71 23,81 14.00 46.82 83.68 13.37 57,85 846 4 67.42 
1931 12.00 17 ,15 19.23 13.54 71. 71 80,20 10.03 46,29 792 5 89.60 
1932 10.27 15,32 17 .29 14.13 54.69 91,58 11.31 35.54 668 6 64.42 
1933 14.47 20.25 26,85 16,82 63.31 64.91 7.317 29.60 658 7 87,02 
1934 22,03 16.70 17.66 15,73 45.26 84,47 7,522 26.86 719 8 105.5 
1935 11.58 17.29 22.40 23,85 98.42 98.28 8.228 48,16 782 · 9 125,2 
1936 20.91 18.30 22,76 33.90 46.77 80.76 10.77 46.48 872 :10 138,4 
1937 12,54 14. 74 17.67 22,39 83,58 105,7 7,528 46.15 897 11 132,3 
1938 15,59 18.32 18.66 21,39 . 57,56 92.35 7,182 32.22 839 12 147,8 
1939 16,33 14.14 19,02 17.59 74,58 103.8 11,28 47,35 906 13 134,5 
1940 14,86 19.20 20.87 27,04 93.29 85,16 7,391 27,72 962 14 170.2 
1941 16,38 20.03 24,32 55,96 91.29 109,9 8,759 23,55 1,111 15 140,0 
1942 24,53 22,02 25,25 31. 71 57,36 86,81 6,280 49.20 1,250 16 44.4 
1947 23,35 20,00 13.19 29,21 83.96 90,51 18. 70 76,95 1,228 21 134.2 
1948 11;a7 20.38 12.60 20.52 120,4 100.6 20.06 73,23 1,245 22 160.a 
1949 18,47 17.24 10.76 16.21 84,43 127,8 23,88 61.30 1,239 23 167,8 
1950 28,02 18,72 17,02 26,56 BJ.OB 94,83 14.89 77.22 1,322 24 200.0 
1951 17.75 19.32 15,81 2.1.26 102.5 110,8 18,51 63.16 1,319 25 160.8 
1952 19.47 17.44 13.13 20,44 97.09 117,0 22.21 60.73 1,332 26 166.1 
1953 14,25 18,01 15.03 20,80 134.6 85,07 13,72 62.83 1,371 27 171.4 
1954 24,91 15,24 13,94 21.69 58,80 111,9 19.93 55.92 1,365 28 208.6 
1955 28,65 24,10 18,34 37.60 90,07 111.3 17.43 47,22 1,428 29 200.8 
yl is the season average price, in cents per pound, received by pecan growers, deflated 'by CPI. 
Y4 is the season average price, in cents per pounds, received by walnut growers, deflated by CPI, 
Y5 is the season average price, in cents per pound, received by filbert growers, deflated by err. 
y6 is the season average price, in cents per pound, received by almond growers, deflated by CPI, 
z• 
1 
is domestic production plus imports of pecans on a pounds per 100 persons basis, 
Z' 4 
is domestic production plus imports of walnuts on a pounds per 100 persons.basis, 
Z' 
5 
is domestic production plus imports of filberts on a pounds per 100 .persons basis. 
z6 is domestic production plus imports of almonds on a pounds per 100 persons bas is, 
z7 is per capita disposable personal income, deflated by CPI, 
Z9 is time, origin at 1927. 
z13 is the sum of all tree nut imports minus the sum of the import.a of pecans, walnuts, filberts, and 
almonds, on a pounds per 100 persons basis, 
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